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lEFACE  TO  THE  FIFTEENTH  EDITION. 


3  success  of  Roper's  "  Engineer's  Handy  Book "  is  a  suf- 

proof  that  its  general  plan  and  scope  afe  well  adapted 

;  needs  of  those  for  whom  it  was  written.     In  rewriting 

)ok,  therefore,  the  Editors  have   been  largely  guided   by 

-  editions.      They  have,  however,  endeavored  to  secure  a^ 

logical  arrangement  of  the  subject-matter,  to  eliiifinate  ir- 

nt  material,  to  avoid  unnecessary  duplications  occurring  in 

or  descriptions  of  machines  cf  ^he  same  typ^,'^to  rpplace 

ated  or  obsolete  matter  with  that  which  \s  pcMT,  ond  finally 

a  great  deal  which  the  advance  in  eoginearing  m  the  past 

ars  has  rendered  necessary. 

:he  sections  covering  the  "  Steam  BGiler  and  Engine  "  and 
►pliances  used  in  connection  with  them,  many  descriptions 
lolete  types  have  been  dropped  and  modern  types  substi- 
In  this  connection  they  have  endeavored  to  describe 
;ail  at  least  one  piece  of  machinery  of  each  important 
adding  others  of  the  same  type  only  where  the  design 
Qed  important  variations.  In  using  any  particular  make 
►aratus  to  represent  a  type  they  do  not  intend  to  indicate 
)reference  for  that  make  nor  to  imply  that  it  is  better  than 
of  the  same  type.    The  selections  are  made' because  mox^ 
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nearly  representing  the  particular  type  to  which  they  beloDgj 
because  the  available  data  and  cuts  were  best  suited  for  the| 
poses  of  illustration. 

The  subjects,  "Materials  and  Their  Strength/'  and  "Pod 
Its  Transmission  and  Measurement,"  have  been  treated  much  m 
fully  than  in  the  original  edition,  and  extensive  tables*  on 
power  required  to  drive  machine  tools  have  been  added. 
of  the  data  contained  in  these  tables  is  based  on  the  result 
measurements  made  by  the  Editors  at  the  Baldwin  Locomol 
Works,  Philadelphia.    .  ■  .  *■ 

In  the  section  on  "Electricity"  the  fundamental  experimfj 
on  which  electrical  apparatus  depends  have  been  described  i 
the  methods  of  measuring  the.qbmmpn  electrical  quantities  pi 
.The  principles  of  the  dynamo  and  battery  and  the  methodl| 
electrical  distribution,  as  well  ag  the  apparatus  in  which  eledtli 
energy  is  used,  have  all  been  treated  in  a  general  way. 

Tlf^EdijoVs'.bavp  XoyindJIbfet  many  of  the  brightest  statioi 
engineers  iinfoftun3te1y'(to'''itot  have  clear  ideas  of  force,  w( 
power y  anii/ctth€a'I''4cn(}^ivental  mechanical  units,  and  the  i 
chapter'JiAs'been  4^x)1ied  t^)  those  units  and  their  relation  to  ei 
other.  It  Ts*?lfo«gly.i!l%Qd  that  all  stationary  engineers  who 
not  familiar  with  the  principles  of  mechanics  should  carefl 
«tudy  this  chapter.  Many  are  likewise  unable  to  use  sim 
formulae,  and  are  therefore  compelled  to  employ  complex  n 
for  their  calculations.  The  knowledge  necessary  for  their  u» 
so  easy  to  acquire  and  the  resulting  advantage  so  great,  that 
users  of  this  work  are  urged  most  strongly  to  study  the  mal 
pertaining  to  them  in  the  last  chapter  of  this  book.  In  nu 
cases  both  rules  and  formulae  for  calculations  are  given,  with 
awp]es  iJJustra'ting  their  use. 
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rfao  bmve  proUans  involYuig  tedkNB  ariUflneticftl  i^en- 
Id  fiiinilttiTiift  themaelTeB  vith  the  nae  of  kgtfidunB. 
JusioD,  the  Edhore  take  thh  oi^rtnnity  of  adnovl- 
UT  indriitedneBB  to  MeaBn.  Paul  A.  N.  Winand  and  A. 
ig,  of  the  Otto  Gas  Engine  Worka,  fiur  thdr  aid  m  pre- 
e  chapter  on  ^  Gas  and  Gasoline  Engines,**  and  to  tba 

who  have  aided  in  the  revision  by  the  use  of  valnabk 
B,  and  other  data: 

k  A  Wilcox  Co.,  Baldwin  Looomotive  Works,  M.  C 
kfanufiMstnring  Ck>^  Oain^ie  Steel  Go.,  Heine  Safety 
>.,  Mr.  William  Kent,  New  Jersey  Steel  and  Iron  Co., 

Iron    Works  Co.,  Pdton  Water  Wheel  Co^  J.  A. 
s  Sons  Co.,  and  the  varioos  technical  jonmals  and  trade 
I  of  apparatus  referred  to  in  the  text 
nications  from  readers  calling  attention  to  errors  and 

which  may  be  discovered  in  using  the  book  will  be 

k1  by  the  Editors. 

Edwin  R.  Keller, 
Clayton  W.  Pike. 

aJPULA,  Pa.,  February,  1899. 
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PREFACE  TO  THE  FIRST  EDITION. 


s  quite  customary  for  persons  to  write  books  on  the  steam-en- 
DB,  and  then  offer  as  an  apology  for  so  doing,  that  they  have 
vered  that  there  is  no  practical  treatise  on  the  same  subject  in 
larket,  which  shows  either  a  lack  of  modesty  on  their  part,  and 
fit  of  appreciation  of  what  has  already  been  written,  or  an  un- 
agness  to  do  justice  to  those  who  have  previously  treated  the 
subject.  There  is  no  want  of  literature  on  the  steam-engine ; 
ct,  it  would  be  diflficult  for  the  most  experienced  engineer  or 
ted  author  to  add  anything  original.  The  steam-engine  of  the 
nt  day  is  probably  as  perfect  as  it  ever  will  be ;  in  fact,  there 
lot  been  any  important  improvement  made  in  any  class  of 
i-engines  for  several  years,  except  in  the  quality  of  the  mate- 
employed  in  their  construction  and  refinement  of  workman* 
consequently,  the  work  of  those  who  treat  on  the  steam - 
16,  for  the  present,  must  be  confined  simply  to  abbreviating, 
ifying,  correcting,  and  explaining  what  has  already  been  writ- 
is  well  as  noting  the  results  of  the  experiments  which  are  tried 
3t  the  efficiency  of  different  designs  of  steam-engines.  Who- 
will  apply  himself  to  this  object  in  the  future,  will  be  per- 
ing  what  has  long  been  needed.  Of  course,  we  may  discover 
r  engine  that  will  be  radically  different  from  any  in  use  at  the 
at  day,  which  would  involve  the  necessity  of  a  new  order  of 
ture  and  new  theories,  but  such  an  innovation  is  highly  im- 
tble,  and  casts  only  a  dim  shadow  in  the  future, 
is  book  was  not  written  for  the  purpose  of  instructing  engi- 
how  to  design  or  proportion  steam-engines  or  boilers, b\itT^\X\^x 
form  them  how  to  take  care  of  and  manage  them  mt^\\\aeaN«V^  ^ 
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aa  well  as  to  furnish  to  those  intending  to  qualify  themselves  : 
United  States  Xavy,  Revenue  Service,  MercantJe  ^ilarine, 
take  charge  of  the  better  class  of  stationary  steam-engines, 
plain,  practical  treatise.  In  order  to  enhance  its  value  to 
engineers,  as  well  as  those  of  limited  education,  none  but  the  p 
language  has  been  used.  This  has  not  been  done  for  the  pur] 
encouraging  the  engineer  to  dispense  with  the  use  of  mat  her 
or  discard  theories,  as  all  our  great  triumphs  in  mechanical  ^ 
have  been  based  on  theories  and  demonstrated  by  practice. 

In  the  discussion  of  the  different  subjects  brevity  has  bei 
hered  to,  because  the  spirit  of  the  age  demands  it,  even  in  tl 
cussion  of  the  most  important  subjects.  There  can  be  no 
why  the  reader  should  be  compelled  to  wade  through  chapi 
matter  to  obtain  information  which  may  be  condensed  into 
terse  and  intelligent  paragraphs,  nor  to  deal  with  the  dea 
when  the  living  present  is  before  him.  The  mathematical  fo 
employed  have  been  abbreviated,  since  it  is  immaterial  how  i 
leui  is  worked,  providing  the  result  is  correct  and  suscept 
«isy  explanation.  Up  to  the  present  time,  the  knowleilge  to 
gently  apply  the  steam-engine  indicator  has  been  confined  tc 
persons  in  every  country  styling  themselves  experts.  This 
arose  from  the  fact  that  authors  who  have  heretofore  treai 
til  is  subject  were  men  of  literary  ability  and  well  versed  in  i 
matics,  who  found  it  more  agreeable  to  eluciv.late  their  sub 
their  own  peculiar  style  than  in  any  other. 

The  writer's  experience  of  over  thirty-rive  years,  and  hi: 
ciation  with  ail  classes  of  enguieers,  enable  him  to  understan 
the  kind  of  hiformation  most  needed  by  the  averd;^e  engineer. 
aequently,  he  has  undertaken  the  task  ot'  turiiishiuj^  it,  and  he 
he  has  succeeded  in  the  accomplishment  of  his  object,  he  clie 
leaves  to  the  reader  to  decide.  It*  it  should  appear  that  he  h 
ceeded  in  imparting  useful  and  iuii^rtant  ini'onnation  to  th< 
if«£»  of  a  prvfbssion  to  which  he  himself  belongs,  he  will  feel 
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POWER,  TRANSMISSION,  AND  MEASUREMENT. 


CHAPTER    I. 

MECHANICS. 


All  machineryi  when  analyzed,  will  be  found  to  consist  of  a 
imbination  of  six  simple  machines,  commonly  called  mechanical 
The  six  elements  are  respectively  the  lever,  the  puUey, 
fte  wheel  and  axle,  the  inclined  plane,  the  wedge,  and  the  screw. 
Though  they  are  not  powers,  or,  in  other  words,  sources  of  power 
or  force,  yet  they  transmit  and  diffuse  or  concentrate  forces.  The 
ftsential  idea  of  machinery  is  that  it  renders  force  available  for 
effecting  practical  ends.  Machines  prepare,  as  it  were,  the  raw 
material  of  force  supplied  to  us  from  natural  sources.  It  is  trans- 
mitted and  modified  by  certain  combinations  of  the  elements  of 
machinery,  and  is  given  off,  at  last,  in  a  condition  suitable  for 
producing  the  desired  mechanical  effect.  We  do  not  create  force ; 
tie  object  of  machinery  is  to  transmit  it,  and  diffuse  or  concen- 
tfate  it  in  one  or  more  points  of  action.  The  various  diffused 
•r  concentrated  forces,  then,  being  added  together,  will  amount 
ttactly  to  the  original  available  force. 

Machines. — Machines   are  instruments  employed  to  regulate 
motion,  so  as  to  save  either  time  or  force.     The  maximwm  ot^^QX. 
rf  machines  is  the  greatest  effect  which  can  be  produced  \iy  \\\^m. 
ih  aU  machines  that  work  with  4  uniform   motion  tWxe  ?.x^  ^ 
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certain  velocity  and  a  certain  load  of  resistance  that  yield 
greatest  effect,  and  which  are  therefore  more  advantageous  tl 
any  other.  A  machine  may  be  so  heavily  charged  that  the  i 
tion  resulting  from  the  application  of  any  given  power  will 
.  but  just  sufficient  to  overcome  it^  and,  if  any  motion  ensue, 
will  be  very  trifling,  and  the  whole  effect  will  be  very  slight, 
the  machine  is  very  lightly  loaded,  it  may  give  great  velocity 
the  load ;  but,  from  the  smallness  of  its  quantity,  the  effect  m 
still  be  very  inconsiderable;  consequently,  between  these  t 
loads,  there  must  be  some  intermediate  one  that  will  render  1 
effect  the  greatest  possible.  This  is  equally  true  in  the  applii 
tion  of  animal  strength,  as  in  machines. 

Mechanics. —  Mechanics  is  that  branch  of  natural  philosop 
which  treats  of  three  simple  physical  elements,  force,  motion,  a 
time,  with  their  combinations,  constituting  power,  space,  m 
Work.  .  Mechanics,  regarded  as  a  science,  comprehends  the  M 
of  our  knowledge  relative  to  the  sensible  motions  of  bodies  eitk 
actually  existing,  or  expressed  by  the  opposition  of  forces  toi 
ing  to  produce  motion.  The  science  is  thus  resolvable  intoaoo 
of  discovered  l^ws,  applying  to  the  causes  which  occasion  « 
modify  the  direction  and  the  velocities  of  motion^  and  is  thff 
fore  distinct  from  those  branches  of  science,  in  which^  aMoB| 
presenting  phenomena  of  motion  in  sensible  portions  of  maM 
we  do  not  consider  the  circumstances  and  laws  of  these  motofll 
but  only  the  effects  produced. 

When  motion  itself  is  considered,  the  reasoning  belongs' 
mechanics,  and  it  is  probable  that,  as  our  knowledge  of  the  Iw 
which  govern  the  phenomena  that  are  evolved  under  the  haad< 
the  experimental  philosopher  becomes  more  extended^  a  wi 
meaning  will  be  given  to  the  science  of  motion.  The  definitil 
which  is  here  given  of  mechanics  is  not  coeval  with  the  flan 
The  science,  like  most  other  sciences,  has  gradually  expandei^ 
its  present  extent.  It  was  originally  the  science  of  machiiMT 
diese  being  the  first  subjects  of  ita  apecwl^itlon ;  and,  as  ei* 
JoalermJ  combiDation  employed  for  ^todwe\ii^ot^x^N«BJaai%i 
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tioii  may  be  regarded  as  a  machine,  and  may  be  resolved  into  the 
8Mne  elementary  principles  as  those  employed  in  machines, —  the 
mechanical  powers, —  the  name  "  mechanics  "  came  to  be  applied 
to  motion,  and  the  tendency  to  motion  of  any  bodies  whatever. 
Mechanics  still  continues  to  be  defined  by  some  the  **  science  of 
jbrce,"  and  there  does  not  appear  to  be  any  valid  objection  to  the 
ddoitioB.  Force  is  the  cause  of  motion,  and  its  laws  are  identi- 
cal with  the  laws  of  motion ;  and,  consequently,  the  science  of 
6rce  coincides, -in  all  its  parts,  with  the  science  of  motion,  which 
^mechanics. 

Force.  —  Force  is  the  cause  of  motion  or  change  of  motion  in 
Biaterial  bodies.  Every  change  of  motion,  viz.,  every  change  in 
'the  velocify  of  a  body,  must  be  regarded  as  the  effect  of  a  force. 
On  the  other  hand,  rest,  or  the  invariability  of  the  state  of  motion 
of  a  body,  mu9t  not  be  attributed  to  the  absence  of  forces,  since  op* 
posite  forces  destroy  each  other  and  produce  no  effect.  The  force 
«f  gravity  with  which  a  body  falls  to  the  ground,  still  acts,  though 
the  body  rests ;  but  this  action  is  counteracted  by  the  solidity  of 
the  material  upon  which  it  reposes.  Forces  that  are  balanced  so 
i«8  to  produce  rest,  are  called  statical  forces  or  pressures,  to  dis- 
[tiliiguish  them  from  moving,  deflecting,  accelerating,  or  retarding 
roes,  u  e.,  such  as  are  producing  motion,  or  a  change  in  the 
ion  or  velocity  of  motion.  This  distinction  is  wholly  arti- 
as  the  same  force  may  act  in  any  of  these  modes ;  it  may 
metimes  be  a  statical  and  sometimes  an  accelerating  force. 
Force  is  any  action  which  can  be  expressed  simply  by  weight, 
is  distinguished  by  a  great  variety  of  terms,  such  as  attraction, 
pulsion,  gravity,  pressure,  tension,  compression,  cohesion,  adhe- 
n,  resistance,  inertia,  strain,  stress,  strength,  thrust,  burden,  load, 
lUeeze,  pull,  push,  pinch,  punch,  etc.,  all  of  which  may  be  meas- 
or  expressed  by  weight  without  regard  to  motion,  time, 
wer,  or  work. 

Forces  are  either  external  or  internal  (molecular).    ^^\,eYW«\ 

are  those  which  one  body  exerts  on  another  body.    ^oVeQ 

fojveff  Are  tboee  exerted  by  the  particles  of  a  body  ou  m\^ 
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boring  particles.  Such  molecular  forces  may  be  either  attraci 
or  repellant,  or  both.  In  most  cases  both  forces  are  acting, 
the  attractive  forces  preponderate,  the  body  will  be  in  a  S( 
state ;  if  the  forces  are  equal,  in  a  liquid  state ;  while  if  the  re 
lant  forces  are  stronger  than  the  attractive,  the  body  will  be 
the  gaseous  condition. 

The  Unit  of  Force  employed  by  American  and  English  ei 
neers  is  the  pound  avoirdupois. 

Inertia  is  that  property  of  matter  by  virtue  of  which  it  ra 
any  attempt  to  change  its  condition.    Thus' if  a  body  is  at  res 
force  must  be  applied  in  order  to  set  it  in  motion.     If  it  is  in 
tion,  a  force  must  be  applied  to  bring  it  to  rest.    The  heavier 
body  the  greater  the  force  necessary  to  overcome  its  inertia. 

Motion. — Motion,  in  mechanics,  is  a  change  of  place,  or  i 
that  property  inherent  in  matter  by  which  it  passes  from 
point  of  space  to  another.  Absolute  motion  is  the  absol 
change  of  place  in  a  moving  body,  independent  of  any  ot 
motion  whatever;  in  which  general  sense,  however.  It  never  £ 
under  our  observation.  All  those  motions,  which  we  consider 
absolute,  are  in  fact  only  relative,  being  referred  to  the  ea 
which  is  itself  in  motion.  By  absolute  motion,  therefore, 
must  only  understand  that  which  is  so  with  regard  to  some  fi: 
point  upon  the  earth,  this  being  the  sense  in  which  it  is  interpre 
by  writers  on  this  subject.  Accelerated  motion  is  that  whid 
continually  receiving  constant  accessions  of  velocity.  Ango 
motion  is  the  motion  of  a  body  as  referred  to  a  centre,  ab 
which  it  revolves.  Compound  motion  is  that  which  is  proda> 
by  two  or  more  powers  acting  in  different  directions.  NatD 
motion  is  that  which  is  natural  to  bodies,  or  that  which  ari 
from  the  action  of  gravity.  Parallel  Motions. —  Contrivaa 
of  this  kind  are  required  for  the  conversion  of  rotary  and  all 
nating  angular  motion  into  rectilineal  inotion,  and  the  conVer 
hut  the  absolute  necessity  there  is  of  guiding  the  path  of  a  ]^ 
jh  a  steam-engine,  has  called  forth  mote  a\.\fci\\AQ\i\ft\k<ft  ^TUicic 
ai2d  mechanism  of  parallel  motiona  tYiau  yio\3\^  o>(ki«t^^sv0 
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nlitj,  have  been  awarded  to  the  subject.     Relative  motion 

relative  change  of  place  in  one  or  more  moving  bodies. 
led  motion  is  that  which  suffers  continual  diminution  of 
y,  the  laws  of  which  are  the  reverse  of  those  of  accelerated 
1.     Rotary  motion,  turning  as  a  wheel  on  its  axis,  pertain- 

or  resembling  the  motion  of  a  wheel.  Rotary  motions 
avorjte  ones  with  ancient  philosophers.  They  considered  a 
as  the  most  perfect  of  all  figures,  and  erroneously  concluded 
body  in  motion  would  naturally  revolve  in  one. 
the  substitution  of  circular  for  straight  motions,  and  of 
uous  for  alternating  ones,  may  be  attributed  nearly  all  the 
liences  and  elegancies  of  civilized  life.  It  is  not  too  much 
iTtj  that  the  present  advanced  state  of  science  and  the  arts 

to  revolving  mechanism.  From  the  earliest  times  it  had 
%n  object  to  convert,  whenever  practicable,  the  rectilinear 
^iprocating  movements  of  machines  into  circular  and  con- 
Ls  ones.  Old  mechanics  seem  to  have  been  led  to  this  result 
it  tact  or  natural  sagacity,  that  is  more  or  less  common  to 
aes  and  people.  Thus  the  dragging  of  heavy  loads  on  the 
d  led  to  the  adoption  of  wheels  and  rollers, —  hence  carts 
irriages.  The  rotary  movements  of  the  drill  superseded  the 
ating  one  of  the  punch  and  gouge,  in  making  perforations ; 
betstone  gave  way  to  the  revolving  grindstone ;  the  turning- 
produced  round  forms  infinitely  more  accurate  and  niore  ex- 
ously  than  the  uncertain  and  irregular  carving  or  cuttilig 
the  knife, 
vs  of  Motion.— Newton's: 

A  body  at  rest  will  remain  at  rest,  or  if  in  motion  will  con- 
tinue to  move  uniformly  in  a  straight  line  till  acted 
upon  by  some  force. 

If  a  body  be  acted  upon  by  several  forces,  it  will  obey  each 
as  if  the  others  did  not  exist,  and  this  whether  the  body 
be  at  rest  or  in  motion. 

If  a  force  act  to  change  the  state  of  a  body  \\\l\v  Tes^^cX.  \o 
'     rest  or  motion,  the  body  will  oflfer  a  resiatance  ec3^«2^  X» 
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and  directly  opposed  to  the  force.  Or  to  every  actia 
there  is  opposed  an  equal  and  opposite  reaction. 

Perpetual  Motion. —  In  mechanics,  a  machine  yrhich,  when  m 
in  motion,  would  continue  to  move  forever,  or,  at  least,  until  A 
stroyed  by  the  friction  of  its  parts,  without  the  aid  of  any  exterio 
cause,  would  constitute  perpetual  motionl  The  discovery  d 
perpetual  motion  has  always  been  a  celebrated  problem  in  AM 
chanics,  on  which  many  ingenious,  though  in  general  ill-instructd 
persons  have  spent  their  time ;  but  all  the  labor  bestowed  on  i 
has  proved  abortive.  In  fact,  the  impossibility  of  its  existenoi 
has  been  fully  demonstrated  from  the  known  laws  of  matter.  Il 
speaking  of  perpetual  motion,  it  is  to  be  understood  that,  tnd 
among  the  forces  by  which  motion  may  be  produced,  we  are  tl 
exclude  not  only  air  and  water,  but  other  natural  agents,  as  hat 
atmospheric  changes,  etc.  The  only  admissible  agents  are  ttl 
inertia  of  matter,  and  its  attractive  forces,  which  may  all  be  Mi 
sidered  of  the  same  kind  as  gravitation.  It  is  an  admitted  pril 
ciple  in  philosophy,  that  action  and  reaction  are  equal,  and  thd 
when  motion  is  communicated  from  one  body  to  another,  the  fin 
loses  just  as  much  as  is  gained  by  the  second.  But  every  mon^ 
body  is  continually  retarded  by  two  passive  forces, —  the  read 
ance  of  the  air  and  friction.  In  order,  therefore,  that  motkl 
may  be  continued  without  diminution,  one  of  two  things  is  need 
sary— 'either  that  it  be  maintained  by  an  exterior  force,  (in  whid 
case  it  would  cease  to  be  what  we  understand  by  a  perpetual  M^ 
tioii,)  or  that  the  resistance  of  the  air  and  friction  be  annihilated 
which  is  practically  impossible.  ! 

The  motion  cannot  be  perpetuated,  till  these  retarding  find 
are  compensated,  and  they  can  only  be  compensated  by  an  exteiU 
force,  as  the  force,  communicated  to  any  body,  cannot  be  greitl 
than  the  generating  force,  which  is  only  sufficient  to  continue  tl 
same  quantity  of  motion,  when  there  is  no  resistance.  The  eiw 
of  confounding  mere  pressure  with  energy  available  to  prodw 
power,  Is  the  main  origin  of  the  majority  of  attempts  at  perpetn 
motion,  and  even  sometimes  causes,  aiaoii^  winiMfifidi 


THB     ENGINEER'S     HANDY«-BOOK.  7 

• 

*ated  expectations  about  the  effects  to  be.  obtained  from  me- 
Lcal  contrivances.  A  yround-up  spring  is  exactly  equivalent 
N^gbU  It  may  exert  a  certain  pressure,  great  in  proportion 
size  and  strength ;  but,  unless  it  is  allowed  to  unwind  it,  it 
ot  produce  motion  or  power.  It  is  the  same  with  compressed 
r  gaaes ;  they  are,  in  fact,  nothing  but  wound-up  springs,  with 
lifiTerence,  however,  that,  in  place  of  needing  mechanical  power 
md  them  up,  we  may  use  either  heat,  chemical  agencies,  or 
ricity. 

Hocity  or  Speed  is  the  rate  of  motion — that  is,  the  space 
3lled  over  by  a  moving  body  divided  by  the  time  required. 
3,  if  a  railroad  train  requires  two  hours  to  cover  the  distance 
inety  miles  between  Philadelphia  and  New  York,  its  velocity 
nety  divided  by  two,  or  45  miles  per  hour.  The  same  veloo- 
night  he  oth^wise  expressed  as  three-quarters  of  a  mile  per 
ate,  or  240  rods  per  minute,  or  4  rods  per  second,  or  66  feet 
second. 

elocity  is  uniform  if  equal  spaces  are  passed  over  in  equal  times. 
ccele  ration  is  the  rate  at  which  velocity  changes,  or  it  is  the 
1  or  loss  in  velocity  in  one  second.  For  instance,  a  falling 
y  in  the  first  second  passes  over  16.1  feet,  in  the  next  second 
Heet,  and  so  on.  Its  average,  velocity  in  the  first  second  is 
1  feet  per  second,  and  in  the  next  second  is  48.3  feet  per 
ond;  the  gain  in  velocity  is  32.2  feet  each  second,  and  therefore 
say  the  body  has  an  acceleration  of  32.2  feet  per  second. 
Falling  Bodies  are  subject  to  two  forces,  that  of  gravitation 
d  that  of  the  resistance  of  the  air.  The  latter  is  for  ordinary 
apes  so  small  as  to  be  neglected,  and  the  relations  existing  are 
vered  by  the  following  simple  formulae : 
l4  v  =  velocity  of  falling  body  expressed  in  feet  per  second. 

^  =  acceleration  due  to  gravity,  found  by  measurement  to 
be  about  32.2  feet. 

<«=time  in  seconds,  reckoned  from  moment  of  starting  to 
fall. 

Ji^dhitaDce  passed  over  in  t  seconds. 
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V 

Then       fl'  =  7  by  definition. 
t 

Also        V  =  square  root  of  2  x  ^  x  A  «  1/64.4  h  by  experin 

J  ,     gxtxt    g^ .  .        ^ 

and  A*^ — =*^  by  expenment. 

The  following  examples  will  show  how  these  formu! 
applied: 

1st.  If  a  body  starts  from  rest  and  falls  freely,  what  wil 
velocity  at  the  end  of  the  fifth  second  ? 

Taking  g='-  and  substituting  the  actual  values  of  g  an 


t 


V 

have  32.2  =  ^,  or  v  =  5x32.2  =  161,  or  velocity  at  end  c 

second  is  161  feet  per  second. 

2d.  If  a  body  starts  to  fall  freely  from  a  height  of  50  fee 
will  be  its  velocity  when  it  reaches  the  earth  ? 

Taking  the  formula  v  =  1/64.4  h  and  substituting  for  h  it 

50  feet,  we  have  v  =»  l/64:4"^0  =  1/3220'.  Looking  in  th 
of  squares  we  find  that  the  square  root  of  3220  is  betwee 
and  56.8,  and  nearer  to  56.8.  The  velocity  when  it  reache 
will  be  56.8  feet  per  second. 

3d.  If  a  body  be  allowed  to  fall,  what  distance  will  i 
passed  through  at  the  end  of  the  tenth  second  ? 

Taking  A  =  ^  and  substituting,  we  have  h  =  — ' — ^ — 

reducing,  h=    ^    =1610  feet. 

The  following  table  is  convenient  for  use  in  such  problen 

<=seconds  1st   2d   3d  4th   5th   6th   7th   8th  ! 

v=velocity  at   end  of  t  seconds =32.2X1     2     3      4       5       6       7       8 

30  2 
8=distance  travelled  in  each  sec.=~  XI      3     5      7       9     11     13     15 

QO  0 

A=:total    distance    in   t    seconds  =-_-Xl     4     9     16     25     36     49     64 

'  Thus  the  velocity  at  the  end  of  the  fifth  second  is  32.2  x  I 
y^et  per  second.     The  distance  passed  oxex  m  \)tvfe  ^yxJOcw  ^ 
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5x11 

^ « 177.1  feet.     The  total  distance  passed  over  in  four 

>nds  is  — '-^ =  257.6  feet,  and  in  ten  seconds  is  — '—^ 

310  feet. 

lotion   Down  an   Inclined  Plane. — Neglecting  friction,  the 

ceding  formulae  may  be  used  for  the  motion  of  bodies  down 

ined  planes.     In  this  case  H  is  the  vertical  height  through 

ch  the  body  descends.     The  distance  D  measured  down  the 

■e  may  be  found  by  proportion. 

"Example. — Suppose  a  hill,  whose  vertical  height  A  B  =  1000 

,  is  covered  with  snow  and  a 

oth  icy  crust  is  formed,  as  is 

uently  the  case  in  New  Eng- 

i.    The  distance  ^  C  is  known 

>e  2000  feet.     A  sled  starts  at 

md  descends.     Friction   neg- 

ed,  the  preceding  table  gives 

IT  =  vertical   height  =  at   end 

first  second  16.2  feet,  second 

)nd  =  64.4  feet,  third  second  =  144.9  feet,  fourth  second  =  257.6 

;.     At  the  end  of  the  fourth  second  the  distance  AD  is  the 

16  fraction  of  ^  C  as  257.6  is  of  1000.    Therefore  at  end  of  the 

rth  second  the  sled  will  have  travelled  along  -4  C  a  distance 

257  6 
D  =  2000  X        '    =  515.2  feet.      The   velocity  in  the  direction 

S  at  the  end  of  the  fourth  second  is,  from  the  table,  32.2  x  4 

28.8  feet  per  second.     As  the  sled  has  moved  in  4  seconds 

).2  feet  along  A  (J  while  descending  vertically  257.6  feet,  the 

515  2  * 
ocity  along  ^  C  at  the  end  of  the  fourth  second  will  be  w^n 

le  velocity  in  the  direction  of  A  B,     In  fact,  at  any  instant 

515  2 
velocity  along  A  C  will  be  ^^^  times  as  great  as>  IW  N<^<iQ>- 
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515  2 
ity  in  the  direction  AB,    Notice  that  k^^'^%  and  that  the 

2o7.D 

-y— j-^  =  2  also.    In  general,  the  velocity  along  A  C-  veloo 

.^1         J.  ^    distance  A  C 

Mass. — The  mass  of  a  body  is  defined  to  be  its  weight  -in 
pounds  divided  by  the  value  of  g  at  the  place  where  it  is  weighed 
This  value  of  g,  the  acceleration  imparted  by  gravity  to  a  fitlling 
body,  differs  somewhat  in  value  at  different  places  on  the  earth's 
surface  owing  to  the  fact  that  the  eartli  is  not  a  perfect  spheni 
As  we  go  up  a  mountain  g  diminishes,  because  we  are  getting 
farther  away  from  the  earth  and  its  pull  on  a  body  is  less.  The 
weight  of  a  body  measured  by  a  spring  balance  also  diminiahei 
as  we  go  away  from  the  earth's  centre  in  just  the  same  propottkn 
as  the  value  of  g.  Therefore  the  quotient  of  weight  -«-  ^  is  a  oon- 
stant,  and  it  is  this  quotient  which  we  agree  to  call  the  mass  of  i 
bodv. 

Relation  between  Mass,  Force,  and  Acceleration.— If  afbroB; 
of  i^  pounds  be  applied  to  a  mass  M,  the  mass  will  be  put  in  nxh; 
tion  and  will  be  given  an  acceleration  of  a  feet  per  second.  ThiA 
is,  in  the  fonn  of  the  usual  equation  F==-Ma.  If  we  know  anf ! 
two  of  these  three  quantities,  we  can  by  simple  arithmetic  find  thsj 
third.  For  example,  What  force  must  be  applied  to  a  oertaii^ 
body  at  rest  to  give  it  in  one  second  a  velocity  of  20  feet  perj 
aeocuidL  Recollecting  that  acceleration  is  the  change  in  velodtfi 
in  one  aeoond,  the  value  of  a  is  20.  Wei^  the  body,  and  sopj 
ne  find  its  weight  to  be  64.4  pounds.    Its  mass  M  is  dm 

"onnda    64.4 

—  ooo " 2.    Substituting  ii!  the  formula,  we havt^ 

oda^  the  necessary  force. 

Sufipoee  a  cart  weighing  100  pounds 

*  %  feet  per  second  by  a  man  on  a  \ 

ja  attached  to  the  cyde  throa j^ 
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EuuouDt,  and  this  reading  gives  the  force  in  pounds  necessary  to 
overcome  the  friction  of  the  cart,  and  the  resistance  of  the  air. 
Suppose  it  to  be  10  pounds.  Now  suppose  the  cyclist  speeds  up, 
increasing  his  velocity  to  22  feet  per  second,  There  is  a  gain  of 
velocity  or  an  acceleration  of  2  feet  per  second.  To  produce  this 
acceleration  there  must  be  an  additional  force  exerted  by  the 
cyclist,  and  this  increase  will  be  shown  on  the  balance,  whose 
reading  will  be  increased.  The  increase  will  be  due  to  two 
causes:  1st,  the  extra  pounds  pull  needed  to  overcome  the  in- 
creased air  resistance  at  the  higher  speed,  which  will  be  some- 
Birhere  near  2  pounds ;  2d,  the  force  needed  to  accelerate  the  cart 

100x2 
2  feet  per  second.    This  force  is  -F=  Ma  -    ^^^  ,  or  6.2  pounds. 

Bo  that  during  the  second  in  which  the  speed  is  being  raised  the 
imlance  will  read  about  18  pounds.  If  after  reaching  the  speed 
>f  22  feet  per  second,  the  cyclist  continues  at  that  speed,  the 
reading  of  the  balance  will  drop  to  about  12  pounds. 

If  now  the  cyclist  slows  up,  changing  in  one  second  from  a 
speed  of  22  to  20  feet  per  second,  the  reverse  action  will  take 
place,  and  during  this  second  the  balance-reading  will  drop  from 
12  by  an  amount,  6.2  pounds,  which  is  needed  to  retard  the  cart 
and  by  2  pounds  more,  which  is  the  difference  in  full  between 
what  is  necessary  to  maintain  the  cart  at  22  feet  and  that  needed 
to  keep  it  at  20  feet  per  second. 

The  Momentum  of  a  body  is  defined  as  the  product  of  its 
mass  times  its  velocity.  For  instance,  a  body  weighing  100 
pounds  and  moving  50  feet  per  second  has  a  momentum  of 
weight  X  velocity         100  x  50 

g  '  ^^      32.2     =^^^-^^- 

It  is  equal  in  numbers  to  the  force  which  will  start  the  body 
from  rest  and  accelerate  it  till  at  the  end  of  erne  second  it  has  the 
given  velocity.  Thus,  suppose  a  force  of  155.28  pounds  be  ap- 
plied to  a  weight  of  100  pounds,  what  velocity  will  it  have  at  the 
end  of  the  first  second  ? 
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r,    nr      weight  X  acceleration 
F=  Ma  -  — ° 

9 

155.28  =  ~oo9~»    ^^    ^ "" ' — ~\m — ~ ^ ^^  ^®®*  P^*"  second 

If  the  acceleration  is  50  feet  per  second,  since  by  definition  t 
acceleration  is  the  gain  in  velocity  in  one  second,  the  velocity  * 
the  body  one  second  after  the  application  of  the  force  of  155.1 
pounds  must  be  50  feet  per  second.  It  is  also  evident  that 
155.28  pounds  will  in  one  second  impart  to  a  body  previously 
rest  a  velocity  of  50  feet  per  second,  it  will  also  bring  to  rest 
one  second  a  body  weighing  100  pounds  which  is  moving  at 
velocity  of  50  feet  per  second.  The  momentum  of  a  moving  bo( 
is  therefore  equal  to  the  force  which  must  be  used  to  bring  it 
rest  in  one  second. 

Energy  or  Work  in  mechanics  involves  two  things — ^force  ai 
space.  If  only  one  be  present,  no  work  is  done.  For  instanc 
a  weight  resting  on  a  table  is  doing  no  work,  for  while  it  exerts 
pressure  or  force  on  the  table  it  does  not  move.  If  it  be  allowi 
to  fall,  say,  for  example,  being  attached  to  a  cord  passing  over 
•    drum,  it  can  be  made  to  do  work. 

The  unit  of  work  among  American  and  English  engineers 
the  foot-pound — i,  e.,  the  work  done  in  raising  one  pound  throof 
a  distance  of  one  foot.  The  same  work  would  be  done  in  raiffli 
2  pounds  to  a  height  of  6  inches  or  12  pounds  to  a  height  of 
inch.  The  number  of  foot-pounds  of  work  done  is,  then,  alwa; 
equal  to  the  force  in  pounds  multiplied  by  the  distance  in  ft 
over  which  it  is  exerted.  For  example,  a  man  lifts  100  poAw 
to  a  table  4  feet  high.  He  does  400  foot-pounds  of  work.  I 
may  lift  it  slowly  or  quickly— it  makes  no  difference  in  i 
amount  of  work  done.  He  may  lift  it  up  one  foot  and  place 
on  a  block,  rest  a  while,  then  raise  on  to  another  block  two  ft 
high,  and  so  on.  The  number  of  foot-pounds  of  work  perfornM 
by  him  remains  the  same. 

TJie  work  which  the  man  has  done  is  stored  up  in  the  li 
pound  weight,  and  will  remain  t\\eTe  t\\\  \\ve  \^^\^\.  \%  ^wiA 
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U.  If  the  weight  be  allowed  to  fall  one  foot,  it  can  be  made  to 
)  100x1,  or  100  foot-pounds  of  useful  work,  if,  as  suggested 
x>ve,  we  attach  it  to  a  rope  passing  over  a  drum,  or  it  can  be 
lowed  to  fall  suddenly  a  distance  of  one  foot  and  give  up  its 
ored  energy  in  the  form  of  heat,  which  heat  may  or  may  not  be 
lefully  employed.  If  allowed  to  fall  another  foot,  it  gives  up 
lother.  100  foot-pounds,  and  so  on  till  it  reaches  its  original 
vel,  when  it  will  have  given  up  the  400  foot-pounds  stored  in 

by  virtue  of  its  having  been  raised  four  fjdet  The  case  of  a 
)wer  clock  is  an  excellent  example  of  the  storing  the  work  of 

man  by  a  raised  weight  and  afterward  employing  it  usefully 
Y  letting  the  weight  fall  slowly.  A  similar  storage  of  work 
3curs  in  winding  a  watch  or  spring  clock.  In  the  case  of  a 
leam  engine  taking  steam  the  entire  stroke,  exhausting  into  a 
acuum  and  with  a  pressure  of  100  pounds  to  the  square  inch, 
iameter  8  inches,  length  of  stroke  10  inches,  the  number  of  foot- 
ounds  work  done  on  the  forward  stroke  is 

AA              r    •.       10     100x25.1328x10     oaq .  .  i^   ,         a 
00  X  area  of  piston  ^j^  = 7^ — =  2094.4  foot-pounds. 

Energy,  strictly  speaking,  is  stored  work,  or  the  capacity  for 
loing  work.  The  word  is  often  employed  in  the  place  of  work, 
^ergy  existing  in  a  body  at  rest  is  called  potential  energy.  Such 
8  a  raised  weight,  a  coiled  spring,  or  water  pumped  to  a  height, 
the  number  of  foot-pounds  stored  up  is  equal  to  the  number  of 
X)unds  raised  multiplied  by  the  height.  Energy  existing  in  a 
noving  body  is  called  kinetic.  The  number  of  foot-pounds  stored 
n  a  body  of  weight  W  and  velocity  V  is  equal  to  the  work  done 
in  starting  it  from  rest  and  accelerating  it  till  its  velocity  is  V, 

md  this  number  of  foot-pounds  is  i  MV^  or --.      Thus  a 

cannon-ball  weighing  10  pounds  and  moving  1000  feet  per  second 

.  10x1000x1000  ..oTO^.      ,  .         n  ,  A  ' 

bas r^r-^r — or  loSlZb  loot-pounds  oi  energy  stored  vi^  \w 

it    The  explosion  of  the  powder  produced  this  euex^^.    N^Vew 
y  <mmon-b»U  strike  it  gives  this  amount  up  in  the  foim  oi  \v^^^ 
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lefiB,  of  course,  that  which  has  been  lost  in  overcoming  the  frictimi 
of  the  air. 
Forms  of  Energy : 

Potential, — Stresses— either  compression,  extension,  or  torsioii. 
Gravitational,  between  two  separated  bodies. 
Chemical;  between  two  separated  atoms. 
Electrical,  between  two  separated  charged  bodies. 
Magnetic,  between  two  separated  magnetized  bodiofc 
Khietic, — Rectili^iear  or  rotary  motion. 
Vibration,  such  as  sound. 
Wave- motions,  such  as  light. 
Heat — molecular  motion. 
Electric  current  flow. 
Source  of  Energy. — The  rays  of  the  sun  are  the  primary  sounri 
of  all  energy  which  man  employs.     They  cause  the  growth  of 
plants,  which  furnish  food  and  fuel  to  man.     Our  vast  coal  d» 
posits,  which  now  are  drawn  on  to  furnish  most  of  the  worlds 
power,  are  only  the  energy  of  the  sun's  rays  stored  up  in  planti 
in  bygone  ages.     It  is  the  sun  which  now  raises  water  from  thfl 
.sea-level  to  the  mountain-top,  thus  giving  it  potential  energy 
which  is  used  to  turn  water-wheels  and  made  to  do  useful  woriL 
Conservation  of  Energy. — The  amount  of  energy  in  the  uni- 
verse cannot  be  changed  by  man.     He  can  transmit  it  or  changi 
the  form  in  which  it  appears,  but  he  can  in  no  wise  create  it  ec 
destroy  it.     A  bushel  of  coal  has  a  certain  number  of  foot-poundi 
of  energy  stored  in  it.     This  energy  is  chemical  in  form,  consilb' 
ing  in  the  attraction  which  the  oxygen  of  the  air  has  for  the  ciP 
bon  of  the  coal.     If  the  coal  is  burned,  an  exactly  equal  numbei 
of  foot-pounds  is  liberated  in  the  form  of  heat.     If  burned  in  i 
boiler,  the  potential  chemical  energy  of  the  coal  is  changed  infi) 
kinetic  energy  of  heat ;  this  is  used  in  raising  the  temperatail 
and  pressure  of  steam,  and  the  confined  steam  has  an  equal  JMimr 
ber  of  foot-pounds  less  what  escaped  as  heat  up  the  boiler-stadc 
TAe  steam  taken  into  the  engine  is  a\\o\\e^\>o  ^il^^jcA^  ^\mI  ^vei 
^p  a  part  of  its  potential  energy  to  t\\e  Y^ton,  XJtia  \:«^  vj6«b3^\s 
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18  heat  into  the  exhaust.  The  energy  of  the  piston  is  made  to 
.UYH  the  crankshaft,  and  this  may  again  give  up  its  energy  (ex- 
lept  that  loet  as  heaft  in  fHction  in  the  engine)  to  a  dynamo, 
irhich  changes  the  rotary  mechanical  energy  into  electric  energy 
[less  some  lost  as  heat).  This  electrical  energy  may  be  trans- 
mitted over  wives  and  run  into  motors,  •changing  electrical  into 
mechanical  energy  again,  or  into  lamps,  changing  from  electrical 
bo  light  and  heat  energy,  or  may  even  be  run  into  a  chemical 
solution,  and  by  decomposing  this  into  its  elements,  change  the 
electrical  energy  into  the  original  form  of  chemical  energy.  The 
nun  of  this  chemical  energy  plus  that  wasted  in  heat  at  the  dif- 
ferent transformations  will  exactly  equal  the  energy  originally  in 
tiie  bushel  of  coal.  Nothing  can  be  done  by  any  combination  of 
machines  or  processes  to  increase  the  energy  in  the  coal.  All  that 
Ban  be  done  is  to  make  the  desired  transformations  as  efficient  as 
possible,  wasting  as  little  as  possible  in  the  form  of  heat.  This  is 
by  no  means  easy,  for  all  forms  of  energy  tend  to  assume  the  form 
Df  heat,  and  in  the  chain  of  transformations  mentioned  above  not 
one-twentieth  of  the  energy  in  the  coal  would  be  found  in  the 
form  of  chemical  energy  at  the  end,  the  remainder  having 
been  changed  into  the  form  of  heat  at  different  stages  of  the 
process. 

Power  is  the  rate  at  which  work  is  done.  If  a  man  lifts  100 
pounds  4  feet  twice  per  minute,  or  120  times  per  hour,  his  rate  of 
Working  is  4x100x120,  or  48,000  foot-pounds  per  hour. 

Horse-Power. — James  Watt,  experimenting  on  the  ability  of 
^diaught  horses  to  do  work  for  a  short  time,  found  that  they  could 
work  at  the  rate  of  about  550  foot-pounds  per  second,  or 

,000  foot-pounds  per  minute,  and  this  rate  is  adopted  as  the 

rse-power.     The  man  above  would  be  doing  work  at  the  rate 

fcf  QQnAA>  ^^  1.4555+  horse-power. 
'The  power  is  equal  to  work  divided  by  time.    T\\us  \?  «i  Tcvwa. 

55 pounds  100  times  in  15  minutea,  he  does  -Vr    fooVwvm^ 

15 
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per  minute,  or  ^-    ^^  foot-pounds  per  second.     1  horse-po^ 

being  550  foot-pounds  per  second,  the  power  in  horse-power 

5500  1    ^ 

i5i;^07550'90^^'^"P^''^'- 

To  obtain  the  tuork  done,  mvMiply  the  force  in  pounds  by  the  c 
tance  in  feet. 

To  obtain  the  power,  divide  this  product  by  the  time  in  mim 
required  to  do  the  work. 

To  obtain  the  hors&power,  divide  again  by  SSfiOO. 

Example.. — A  steam  engine  is  supplied  with   steam  at  1 

pounds  pressure,  a  vacuum  being  maintained  on  the  other  side 

the  piston.    It  makes  240  revolutions  per  minute.    The  diame 

of  piston  is  10  inches  luid  stroke  12  inches,  what  is  its  hoi 

power,  steam  being  carried  through  to  end  of  stroke  ?    We  hi 

the  following  solution : 

Velocity  =  distance  divided  by  time  occupied  in  going  over  tl 

distance. 

Work  =  force  in  pounds  x  distance  in  feet. 

T*  1    j«  -J  ji  I.    X'  force X distance     «  ,    . 

Power  =  work  divided  by  time  or -: =.iorce  x  veloci 

•^  time 

Force  =  100  x  area  =  100  x  78.54  =  7854  pounds. 

Distance  per  stroke  =  1  foot. 

Distance  per  revolution  =  2  feet. 

Distance  per  minute  =  480  feet  =  velocity  per  minute. 

Power  =  force  x  velocity  =  7854  x  480  foot-pounds  per  minute. 

Horse-power  =  — ^^^^^ —  =  1 14.24. 

In  this  calculation  no  allowance  has  been  made  for  the  dim 
ished  area  of  one  side  of  the  piston  owing  to  the  piston-rod. 

Graphic  Representation  of  Forces. — The  three  qualities  ol 
force  are — its  direction,  intensity,  and  point  of  application.  Th 
are  represented  graphically  by  a  straight  line  whose  direction 
the  same  as  that  of  the  force,  whose  length  is  proportional  to  1 
JntensitT  of  the  force,  and  one  of  whose  ends  represents  the  po 
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m.  This  method  of  representation  is  extremely  im- 
n  several  forces  are  acting  on  one  body,  for  by  it  we 
easily  calculate  what  is  the  net  or  resultant  force  act- 
igth,  and  direction. 

|pam  of  Forces. — Let  two  forces  of  4  and  3  pounds 
nt  A  at  an  angle  of,  say,  90°  with  each  other.  Draw 
►  Four  units  long  and  par- 
direction  of  the  force  4. 
three  units  long  parallel 
3.  Then  A  B  represents 
n,  intensity,  and  point  of 
if  one  force,  and  A  C  i^ep- 
arly  the  other  force.  Com- 
irallelogram  A  B  D  C  hj 

D  parallel  to  A  C  and  CD  parallel  to  A  B.  Then 
present  a  force  which,  if  applied  to  a  body  at  A,  will . 
me  effect  upon  the  body  as  would  have  the  two  forces 
lounds.  In  this  particular  case  the  resultant  force  will 
jDsity  of  5  pounds,  and  will  make  an  angle  of  36°  53' 
ection  A  B.  If  more  than  two  bodies  are  acting,  we 
r  resultant  by  taking  two  of  them  and  obtaining  their 

above,  and  then  combining  this  resultant  with  the 
in  the  same  manner. 

68  in  the  same  line  have  a.  resultant  equal  to  their 

act  in  the  same  direction,  and  a  resultant  equal  to 

nee  if  they  act  in  opposite  directions.      When  two 

•ces  are  equal  and  opposite,  the  body  on  which  they 

(if  they  are  acting  in  the  same  line).  Thus  a  stone 
spring-balance  has  acting  downward  a  force  equal  to 
ue  to  gravity.  A  precisely  equal  and  opposite  force, 
retched  spring,  acts  upward.  The  resultant  of  these 
ro,  the  stone  is  at  rest. 

"opces. — When  two  or  more  forces  act  in  the  same 
d  in  parallel  lines  their  resultant  intensity  is  equal 
3.     Its  direction  is  parallel  to  all  the  ioicea.    ^^'^ 
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point  of  application  of  the  resultant  foroe  may  be  fon 
follows: 

Let  A  B  and  CD  represent  the  two  paarallel  forces  oi  * 
3  pounds  respectively.  Continue  G  D  to  £,  making  dii 
DE^AB,  make  A  O  equal  to  CD  and  draw  E  GL  Then 
the  point  of  application  of  the  resultant  of  the  two  fercec 


the  value  of  this  resultant  would  be  7  pounds.  The  distance 
w  to  FD  as  3  is  to  4.  A  force  of  7  pounds  upward  applied 
would  just  balance  the  two  forces  A  B  and  CD. 

Moment,  or  Statical  .Moment. — In  order  to  handle  eadl 
subject  of  levers  and  tendency  to  rotation  it  is  best  to.  treat 
by  means  of  moments  so  called.  The  moment  of  a  force  at 
point  is  equal  to  the  intensity  of  the  force  in  pounds  mult 
by  the  length  of  the  line  drawn  perpendicularly  from  the  po 
the  line  of  direction  of  the  force.  Thus  in  the  figure  the  mc 
of  the  force  A  B  about  the  point  F  \&  4x3  =  12,  and  the  mc 
of  the  force  CD  about  the  point  jF'i83x4  =  12. 

If  a  rod  A  D  having  a  weight  of  4  pounds  at  A  and  3  p 
at  B  were  supported  on  a  knife-edge  at  F,  it  would  just  bal 
The  downward  force  of  7  pounds  actm^  aX  F  Sa  ya&t  balanc 
Me  upward  reaction  of  the  knife-edge. 
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If  weight  were  added  at  A,  the  end  A  would  tip  down,  the  rod 
mding  to  rotate  about  JF"  as  a  centre.  Notice  that  the  moment 
f  the  force  ^  ^  is  now  greater  than  that  of  CD,  Whenever 
he  moments  of  two  forces  about  a  point  are  equal  and  the  forces 
end  to  turn  the  body  around  that  point  in  opposite  directions,  the 
K>d7  has  no  tendency  to  rotate.  Any  unbalanced  moment  causes 
'otation. 

Mechanical  Elements. — As  before  stated,  all  machinery  can  be 
malyzed  into  six  elements,  which  are — the  lever,  the  wheel  and  axle, 
he  inclined  plane,  the  wedge,  the  pulley,  and  the  screw.  These  ele- 
nents  in  no  sense  can  create  force ;  they  only  allow  us  to  direct  it 
ind  to  use  it  to  advantage. 

Levers. — Levers  are  classified  into  three  different  kinds  or 
orders.  When  the  fulcrum  is  between  the  force  and  the  weight, 
ihe  lever  is.  called  a  lever  of  the  first  order ;  when  the  weight  is 
between  the  force  and  the  fulcrum,  the  lever  is  of  the  second 
Krder ;  when  the  force  is  between  the  weight  and  the  fulcrum,  the 
icver  is  of  the  third  order.  The  levers  of  safety-valves  for  steam- 
soilers  belong  to  this  last  class. 

The  lever  is  an  inflexible  bar,  by  the  application  of  which  one 
force  may  balance  or  overcome  another.  These  forces  are  termed, 
respectively,  the  power  and  the  resistance  or  weight,  not  from  any 
lifierence  in  the  action  of  the  forces,  but  with  reference  merely  to 
the  intention  with  which  the  machine  is  used;  and,  indeed,  the 
lame  terms  are  used  about  all  the  other  mechanical  elements.  In 
ipplying  the  rod  to  operate  upon  any  resistance,  it  must  rest  upon 
^centre  prop, or  fulcrum, somewhere  along  its  length,  upon  which 
it  turns  in  the  performance  of  its  work.  Thus,  there  are  three 
points  in  every  lever  to  be  regarded  in  examining  its  action — 
Samely,  the  points  of  application  of  the  power,  the  weight,  and 
the  point  resting  on  the  fulcrum.  There  is  a  certain  relation 
b  be  observed  between  the  magnitudes  of  the  opposing  force  and 
tlie  distances  from  the  fulcrum — namely,  that  in  every  ca^^  >^v^ 

*  Note  that  the  power  above  is  really  a  force  of  so  many  pounds,  atvd  no\ 
yecbaaicaJ  power  aa  previously  deSned, 
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power  mtdtiplied  by  its  distance  from  the  fiilerum  is  equal  to  t 
weight  mvMiplied  by  its  distance  from  the  same  point.  This 
another  statement  of  the  principle  of  moments.  Make  the  momc 
of  the  one  force  about  the  fulcrum  equal  to  the  moment  of  t 
other  force,  and  solve  for  the  quantity  which  is  unknown. 

Examples. — If  with  a  crowbar  pivoted  on  a  etone  we  are  tryii 
to  raise  up  a  large  stone  weighing,  say,  1000  pounds.  From  t 
point  of  the  crowbar  to  the  pivot  or  fulcrum  is  1  foot.  From  t 
fulcrum  to  where  the  handle  is  grasped  is,  say,  4  feet.  Wk 
force  must  be  exerted  to  lift  up  the  stone?  Gall  this  force 
for  shortness.  Taking  moments  about  the  fulcrum,  we  ha 
/x  4  =  1000x1,  or  4/=  1000  pounds.  Therefore,  dividing  bo 
sides  of  our  equation  by  4,  we  have  /  the  force  to  be  exerted 
250  pounds.  If,  instead  of  1  foot,  the  distance  from  point  to  fi 
crum  were  1  inch,  the  force  /  would  be  only  one-twelfth  of  2 
pounds,  or  20  pounds  13  ounces  and  a  trifle  over.  By  the  aid  • 
levers  enormous  weights  can  thus  be  moved  by  the  application  i 
comparatively  small  forces.  No  power  is  gained,  for  while  ti 
force  to  be  applied  in  the  second  case  is  12  times  as  smaU,  tl 
hand  applying  it  moves  through  a  distance  12  times  as  great 
in  the  first  case. 

The  Wheel  and  Axle.^-The  wheel  and  axle  may  be  considen 
as  a  perpetual  lever,  from  the  constant  renewal  of  the  points  < 
suspension  and  resistance.  The  fulcrum  is  the  centre  of  the  axi 
the  longer  arm  is  the  radius  of  the  wheel,  and  the  shorter  arm  d 
radius  of  the  axis.  As  the  diameters  of  different  circles  bear  tl 
same  proportion  to  each  other  that  their  respective  circumfereno 
do,  the  power  is  also  to  the  weight  as  the  diameter  of  the  wheel 
to  the  diameter  of  the  axle.  If  one  wheel  move  another  of  equ 
circumference,  no  power  will  be  gained,  as  they  will  both  moi 
equally  fast.  But  if  one  wheel  move  another  of  different  dial 
eter,  whether  larger  or  smaller,  the  velocities  with  which  tb< 
move  will  be  inversely  as  their  diameters,  circumferences,  or  nui 
ber  of  teeth. 

The  inclined  Plane  in  its  action  of  a  small  force  balancing 
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r^ftu 


may  best  be  understood  by  coDsidering  it  from  the  stand- 
work  or  energy, 
led  plane  AB  Ci& 
gainst  the  column 
)rce  of  10  pounds. 
A  B  lAy  say,  12 
id  -B  0  4  inches, 
it  a  weight  on  the 
),  which  moves  be- 
ides,  can  be  raised 
^  losses  in  friction, 
we  start  with  the 
ust  entering  and  apply  the  10-pound  force  till  the  point 
touching  the  column.  The  force  of  10  pounds  has  been 
ver  a  distance  of  12  inches.  The  work  done  is  10  x  12  inch- 
The  weight  of  the  column  D  has  been  raised  4  inches,  or  one- 
►ne  foot.  The  work  done  =  weight  times  distance  =  TTx  4 
ids.  Assuming  no  friction  losses,  the  work  done  by  the 
30unds  must  equal  the  work  done  on  the  column ,  there- 

TT    12 

'^=  10  X 12,  or  T^  =  — — i,  e.,  in  general,  the  weight  raised 

brce  applied  as  the  length  of  the  horizontal  side  is  to  the 
the  vertical  side.    Making  the  inclined  plane  less  abrupt 

.    .    ^           mi.               1          X.      ^    length  ^J5 
the  gain  m  force.    The  general  equation  -^  =  j ihlfc 

y  one  of  the  four  quantities,  TT,  F,  A  B,  or  B  (7,  to  be 
i  if  the  other  three  are  known.  For  instance,  suppose  it 
id  to  raise  a  weight  of  2000  pounds  and  the  greatest  force 
i  be  applied  was  200  pounds,  what  should  be  the  relation 
he  two  perpendicular  sides  of  the  wedge  ?  Here  W=  2000 
100.     By  the  equation 


AB       AB 

,or 


2000     10 


;  therefore^  J5  =  10  xJ5  0. 


BC'^\BC      200      1 

^edge  is  a  double  inclined  plane,  and  is  tencfc  ^ONetXksA 
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by  exactly  the  same  principles.      The  form  of  the  equatkn 

becomes 

W    A£ 

F     CD' 

The  Pulley. — Pulleys  are  of  tiro 
kinds,  ,^d  and  movable.  The  fizfli 
pulley  turns  only  upon  its  axis,  aol 
if  the  applied  force  is  downward  thQ 
weight  is  lifted  through  the  samedi^ 
tance  through  which  the  force 
applied.  There  is  no  mechanical  advantage  in  this  form,,  it 
merely  serving  to  reverse  the  direction  of  a  force. 

The  movable  pulley  turns  on  its  axis  and  also  rises  and  ftUU 
The  figure  shows  such  a  pulley  in  combination  with  a  fixed  puJief, 
The  advantage  gained  by  a  movable  pulley 
can  best  be  seen  by  considering  it  from  the 
standpoint  of  work  done.  Assume  that  there 
is  no  loss  jn  friction  of  bearings  and  stifiness 
of  rope,  and  recollect  that  the  fixed  pulley 
has  no  effect  except  to  change  the  direction 
of  the  applied  force.  We  may  then  consider 
that  one  end  of  the  rope  is  fixed  and  a  force 
of  F  pounds  is  applied  at  the  other  end,  and 
that  this  force  is  pulling  upward  and  trying 
to  raise  the  weight  W  pounds.  What  is  the 
relation  between  the  values  of  F  and  TT?  Suppose  F  acts  1 
enough  so  that  the  rope  end  moves  two  feet.  The  work  done 
the  force  -P  is  2  -P  foot-pounds.  The  weight  W  will  evidently 
raised  only  one-half  of  two  feet,  or  one  foot,  and  the  work  done 
W  will  be  IFx  1,  or  W  foot-pounds.  These  two  amounts  of  w 
must  be  equal,  since  there  is  assumed  to  be  no  loss  in  frictiov' 
therefore  2F=  IF,  or  F=  i  TT.  That  is,  by  the  use  of  one  movaU 
pulley  we  can  raise  a  weight  of  100  pounds  by  applying  a  force  o 
SO  pounds.  It  takes,  however,  just  twice  as  long  to  do  it  as  if  l 
raiisec/  the  weight  without  using  the  pviWey. 
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If  we  had  two  moyabie  puUeya,  25  pouada  would  raise  100 
ounds  ;  with  four  moTttbls  pulleys  IZi  pounds  would  raise  100 
ounds,  and  so  oil. 

The  ord^sry  block  and  tackle  coniiBte  of  s  fixed  puUey  of  one 

I  more  sheaves,  and  a  movable  pulley  of  several  sheaves.  The 
tiaotk  of  tha  movable  puUey  of  2  dieaves  is  the  aame  as  two  mov- 
hle  polios,  witlk  3  sbflaves  as  three  pulleys^  and  lo  on.  Hence 
D  find  with  a  certain  tackle  what  force  must  be  applied  to  lift  a, 
ertain  weight,  divide  the  weight  by  twice  the  number  of  sheaves 

II  the  movable  pulley. 

The  Soraw. — The  screw  is  another  modification  of  the  inclined 
ilane,  and  it  may  be  said  to  remove  the  same  kind  of  practical 
oconveniences  incidental  to  the  use  of  the  latter  that  the  pulley 
oes  in  reference  to  the  simple  lever.  The  lever  is  very  limited  in 
be  extent  of  its  action  and  so  is  the  inclined  plane.  But  the  pul- 
Of  multiplies  the  exhnt  of  the  action  of  the  lever,  by  presenting, 
D  effect,  a  series  of  levers  acting  in  regular  succesuon ;  and  just 
neh  a  purpose  is  effected  by  the  screw.  It  multiplies  the  extent 
f  the  action  of  the  inclined  plane  by  presenting,  in  effect,  a  con- 
inued  series  of  planes. 

The  screw,  in  principle,  ia  that  of  an  inclined  plane  wound 
ound  a  cylinder,  which 
lenerates  a  spiral  of  uni- 
brm  inclination,  each  rev- 
Jution  producing  a  rise 
T  traverse  motion  equal 
o  the  pitch  of  tbe  screw 
—that  is,  the  distance 
Ktween  two  consecutive 
breads. 

As   in   cases  of  other 
dements,  the  relation  be- 
ween   applied  force  and 
Wight  raised  is  easiJj  obtained  by  looking  at  it  from  tW  %X».iA- 
«a«j/  a/"  work. 
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In  the  figure  a  force  F  is  applied  at  the  end  of  a  lever, 
distance  from  the  point  of  application  of  F  to  the  centre  o 
screw  is  r  inches.     Suppose  F  is  applied  through  one  revol 
of  the  screw  raising  a  weight-  W  attached  to  its  end  a  distai 
inches  equal  to  the  pitch  of  the  screw. 

The  force  i^  does  work  to  the  amount  of  2x3.1416xrxJ 
2x3x3.1416xr  is  the  distance  through  which  i^acts.  Wo 
done  on  the  weight  TTto  an  amount  TFxP. 

Therefore  2  x  3.1416  r  F^  WP,    or    F-^  T^^' 

6.2832  r 

Example, — What  force  must  be  applied  at  the  end  of  the 

of  a  jackscrew  to  raise  a  weight  of  2000  pounds,  if  the  lever 

is  2  feet  and  the  pitch  of  the  screw  i  inch. 

^  2000 X i        ^  -.  , 

^'6:2832x2x12 -^-^^P"""^- 

Example, — ^If  a  force  of  10  pounds  be  applied  at  the  end  o 

lever,  what  weight  will  it  lift  ? 

^    6.2832 ri^     6.2832x2x12x10    ^ai^ 

Tr= p = 7 =  3016  pounds. 

Example. — If  the  lever  be  4  feet  long,  what  will  be  the  w« 
lifted  ?    Ans.  By  doubling  the  length  of  lever  the  same  for< 
10  pounds,  applied  at  its  end,  will  lift  double  the  weight,  or 
pounds. 

If  the  screw  be  applied  against  a  toothed  wheel  as  in  a  w 
we  have  a  combined  screw,  lever,  and  axle.  To  get  the  reli 
between  force  and  weight  we  calculate  separately  for  the  ^ 
and  axle  the  value  of  W,  and  substitute  this  value  in  the  equi 
for  the  screw  above. 

Note  that  P  and  r  must  both  be  in  inches  or  feet. 
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CHAPTER  11. 

GENERATION  AND  TRANSMISSION  OF  PQWBR. 

Sources  of  Power. — While,  as  explained  under  "  Censervation 
rf  Energy,"  the  ultimate  or  fundamental  source  of  energy  is  in 
he  sun's  rays,  these  are  not  used  directly  by  man.  The  principal 
econdary  sources  of  power  are  the  tides  operating  some  form  of 
ide-mill,  the  wind,  waterfalls,  carbon  in  its  different  forms,  such 
\8  coal,  petroleum,  or  gas,  and  various  chemicals  used  in  electrical 
batteries.  Of  these,  water-power  and  carbon  power  are  the  two 
Dost  important.  We  may  further  say  that  while  there  are  many 
lot-air  or  gas  engines  in  use,  yet  practically  all  the  carbon  powei 
3  derived  by  means  of  the  steam  boiler  and  steam  engine. 


Amounts  of  Power  Used  in  Various  Operations. 


Work- 

bn.per 

Poroc 

V«loo*/ 

Ft.-lbB. 

Horiea. 

d*j 

F 

▼ 

peraec. 

u 

0 

50 

08 

40 

0.072 

8 

20 

2.5 

50 

0.090 

8 

Ul 

0.5 

•     IZ 

OIJO 

8 

30 

2.3 

69 

0.125 

8 

30 

2 

60 

0.109 

8 

12 

3.7 

44.4 

O.oSO 

7 

95 

2.5 

237.6 

•     •     • 

8 

106 

3 

M18 

0.677 

C 

72 

9 

648 

1  178 

8 

154 

2 

308 

U.bbH 

8 

71 

3 

218 

0.30S 

8 

33 

2.65 

87.4 

0.160 

10 

ftO 

3.5 

176 

10 

1(10 

3.5 

350 

^0 

200 

3.6 

700 

10 

400 

fk 

iiooo 

i 

Dcucriptton  of  'Works. 

A  man  can  riiiM  a  weight  by  a  siogle  flx«d 

polley, 

A  man  working  a  crank,  .... 

A  man  on  a  tread-wheel  (horizontal), 

A  man  in  a  tread- wheel  (axis  24®  frum  ver> 

licalX 

A  man  draws  or  pathra  in  a  horizontMl 

direction, 

A  niHn  polls  up  or  down,  .       •       •       . 

A  man  can  I>ear  on  his  back,       .        , 

A  horse  in  a  horse-mill,  walking  moderately, 

A  hnrse  in  a  horse-mill,  running  fust, 

An  ox  in  a  horse-mill,  walking  moderately, 

Amnio  ••  ••  ** 

Ansas  «•  •• 

On  bad  Foot-roads. 

A  man  can  bear,  ..•••. 
liUma  of  Peru  can  bear,  •       •       •       • 
Donkey  can  bear,  •••••. 
Hide  can  bear.  •••••• 
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ANimAL  POWER. 

Work  of  a  nan  against  Known  Resistances*   (Raakine.) 


KiDd  of  Exertion. 


1  Raising  his  own  weight  up 
stair  or  ladder 

«.  H«uUnp  up  weights  with  rope, 
and  lowering  the  rope  ud- 

3.  Lifting  weights  by  hand ... 

4  Carryiug    weights  upstairs 

and  returning  unloaded . .., 

5  Shovelling    up    earth    to  a 

height  of  5  ft.  Sin  ..' 

C.  Wheeling  earth  in  barrow  up 
slope  of  1  in  12,  H  horiz. 
veloc.  0.9  ft.  per  sec.  and  re- 
turning unloaded 

7  Pushing  or  puillOiT  horicon- 
tally  (capstan  or  oar) 


Ib3. 


8.  Turning  a  crank  or  winch 

9.  Working  pump 

10.  Haminering 


♦  •  • ' 


i 


143 

40 
44 

143 

0 

138 

26.5 
12.5 
18.0 
80.0 
18.2 
15 


ft.  per 
sec. 


h*- 


mmm 


0.5 

0.75 
0.55 

0.13 

1.8 

0075 

2.0 
5.0 
2.5 
14  4 
25 


JUL 

3600 
(hours 

per 
aay). 


ft.-lb8. 
per  860. 


8 

6 
8 

8 

10 

10 
8 

r 

8 
2miiij 
10 
8f 


38 
24.8 

18.5 

7.8 

0.0 

68 

82.5 

45 


ft.*lbs. 
per  day. 


31i 
f 


snflftiMa 

«4M0i 

822,720 
888,800 
88M08 

888,400 
14»6b400 

•  •  •  •*••«•« 

1.1^000 

i,in,ooo 

460^080 


ExPLANAnoN.— B,  resistance;  F;  effective  yelocity  =  distance  through 
which  R  is  overcome  •+-  total  thne  occupied,  including  the  time  of  moving 
unloaded,  if  any;  T\  time  of  working,  in  seconds  per  daj;  T'  -»-  3800, same 
time,  in  hours  per  day;  BV,  effective  power,  in  foot-pouiids  per  seoond; 
RVTi  daily  work. 

Perfomftaace  or  a  Ulan  In  Transporttntr  IionAs 
SoHjEontally*   (Rankiue.) 


Kind  of  ExertiaiL 


It  Walking unloaded.tranfqport- 
ing  h;3  own  weight 

I'i  Wheeling  load  L  in  2-whld. 
barrow,  return  unloaded.. 

18.  Ditto  In  1-wh.  barrow,  ditto,. 

14.  Travelling  with  burden 

15.  Carrying  burden,  returning 

unloaded 


16.  Carrying  burden,  for  80  seo- 
ondsonly 


,t 


140 

204 

132 
90 

1252 
•{126 
I     0 


ft.-sec. 


■  ■  / 


T 

8600 

(hdurs 

per 

day). 


10 

10 
JO 


lbs. 

con- 
veyed 
Ifoot. 


i700 

878 
220 
225 

288 

0 

1474.2 

0 


LVT, 

lbs.  com- 

veyed 

1  foot. 


25,200,008 

18,428,060 
7.92O.0OO 
5,670,000 

6,032,800. 


ExPLiNifcTioN.— L,  load;  F;  effective  vetoclty.  computed  as  befoi-e;  7*'. 

e/me  of  working,  in  seconds  per  day;  V  -i- W»,Wim^  V^^'iJSS*;!?*!  *!?• 

zr,  transport  per  second,  in  lbs.  conveyed  ouetoov,  LVT^^siXi  \.x*»»vst\H 
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ffark  of  mHor«ewe«ln««»  Known  a«»lfiits.   (RanicaeL) 


Kind  of  EMTlion. 

R.  ■ 

V. 

saoo 

RV. 

RVT. 

I.  Csnterine  uhI  irottlnR.draw- 

1  DIUo,  trouJog 

» 

9.860,000 

ortiUUTiin.— K,  mioMJiee^m  la^i  v,  rvocnr,  iii  >e«i  per  ucona;  i  • 
-i-lHUt  haan  VQik  per  day;  BV,  work  per  second;  RPT.  work  per  dar^ 
Tbe*TenKaponroradrMisbt-horee.a*«lv«iiuHneaottheBbaTeubte, 


tfarase  of  onUMiT  ptrtbnmnce  ui 


Perf»niUic*«ra  Hoi 


In  TransportlBS  Irfmda 


(Kenklne.) 

Kind  of  ExerUon. 

£. 

v.. 

r. 

Lr. 

LVT. 

a.  WtiHtiK  with  mn.  Biw*n 
•d.    '■»™'"B    eniptr;T. 

180 

•A 

(.0 

£400 

1 

1H,400.00I} 
87.«aD,0(» 

1  CuTTlnit  burden,  wMUii^  ■  -  - 

BxFUirjkTioir.— £,  lour  In  lbs.;  F,  velodLy  in  feet  nw  Hcood:  T-i-SBOOi 


feet  rw  »cond:  T-«-88 
id;  LPT,  tntOBportpH'di 


eiUenttr  Id  bed  iniler  u  raepects  tbs  reelsUuice  to  tracCloa  upon  Ihaa, 


Work  of  a  Horse  on  a  Grade.— If  a  horse  cao  haul  on  a  level 
00  pouuda,  on  a  grade  approxijiiately  the  following  loads  can  be 
lauleij  at  the  same  speed  : 

With  a  rise  of— 


1  in  100     1  ii 


50     1  in  40     1  in  30     1  in  20     1  in  10 
bs.      72  lbs.     64  lbs.     40  lbs.     25  Iba. 
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X\^\\KK  Kv\niRKP  Pv^K  Wood  Working  Machineby. 


HcwK^Power  Honie-Pow 
ruzming  doing  fli 

}^e.  work. 


.  >j.%i    .:■..«/.:•.  '-    »  Mvei —.•-  r^T 


i^  ,     •      •_>.•.    -    

_  -  ■  s       • 

. »     •  •,  •    1  ■       >.,<^\  -V».  -^ 

:»  -.       ^     :.  v.      -w-  :yk    *        -'•'•5       -     -'•:-»'      ?  '      r^^ 

."v.      -  *,       v        ^      ^        '■.  ^'i      :    .T^v    *  •     ~«r 

2.9 


M 

1.0 

2.6 

1.0 

5.3 

-S 

8.9 

ill 

18.8 

.9 

1.3 

1.9 

3t6 

:o4 

17.6 

^i 

5. 

:.4 

3.8 

14 

2.6 

1.2 

_i 

1.1 

r 

2.0 

,  >   . .    ■    ..    .  ■  ■    *  »  V  •■  ■  . .   "■•    .»-i.i"^=  XArHis 


H  ■ 


-?  «**  Hone-Poff 


coiqg  fill 
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.6 

3.2 

8.0 
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iE  FOB  Metal  Wobking  Machineby  (continued). 


\j  horizontal,  7S^^  swing,  boring  hole 

I.  in  cast  iron 

e  24^^  X IS'^,  two  tool  heads  both  cutting, 

kward  60''  per  min 

K^,  feed  ^^^^f  speed  forward  10^  per  min. 

ng  reversal.  

8  36^''  X 18^,  two  tool  heads  both  cutting, 
kward  80''  per  min. 


1^^,  feed  }'''',  speed  forward  20''  per  min. 

ing  reversal 

e  56"^  J^SS''^,  two  tool  heads  both  cut- 

d  backward  111'' per  min 

f '''',  feed  i*^,  speed  forward  18''  per  min. 

ch  reversal,  during  reversal 

:.  stroke  22^^  cutting  steel  die,  6''''  stroke, 

ite  1.7  sq.  in.  per  min 

X.  stroke  19'''',  one  tool  head,  planing 
ron,  8''''  stroke,  speed  forward  lo  ft.  per 
cward  32  ft.  at  majc.  stroke,  cut  f  ^'',  feed 

1  is  very  heavy  work 

chine.  Brown  &  Sharp,  No.  15,  driven  by 


Horse-Power  Horse-Power 
running  doing  full 

idle.  work. 


jhine,  6^^  diam.  cutter,  IS^''  face,  cutting 

deep 

chine,  iO^^  table,  ly^  max.  stroke,  18 
er  min.  with  iron,  cut  }'''',  feed  ^5^'', 

rnward  23J''  per  rain 

3hine,  speed  return  67J''  per  min 

chine,  double  head,  one  motor  to  each 

ke  9^'',  15J  per  min 

ihine,  cut  J'''',  feed  y'^'''',  cast  iron,  speed 


;hine,  speed  return 

e  for  one  motor 

I  screw  cutting,  13J''^  swing  heavy  cut. 
e,  21''''  swing,  turning  5^^  piece,  cut  ^^\ 

per  min 

le,  17^''  swing,  turning  2'^^^  steel  shaft, 
eed  8 


// 


per  rain. 


j1,  8^^  3000  rev 

31''''  X  6'''',  linear  velocitj  680  ft.  per  min. 

i2''xl2^^,  "         1680- 


ii 


6.0 
2.1 

19.5 

4.7 

3.9 

22.1 

12.7 

7.1 

19.8 


1.8 
0.5 
1.2 


2.2 
2.2 

2.3 

2.2 
2.3 

.2 


4.7 


8.0 


.25 


16.7 

13.V 
.4 

9.7 

2.2 

11.8 

7.3 

8.9 
8.0 

.5 

.25 

.45 
1.6 
\.^ 

%^ 
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Power  Required  for  RoLLnra  Mill  Machinery. 


Lathe,  Cambria,  6V^  roll  turning,  35''''  roll,  42  rev. 

per  hour 

Lathe,  Bement,  63^^  roll  turning,  35^''  roll,  40  rev. 

per  hour 

Lathe,  Bement,  same  starting  np 

Lathe,  Bement,  63'^  roll  turning,  28^^  roll,  48  rev. 

per  hour 

Lathe,  Garrison,  40''^  roll  turning,  39'''  roll,  48  rev. 

per  hour 

Straightening  press,  working  on  rails  80  lbs.  to 

yard,  41  strokes  per  min 

Straightening  press,  same,  starting 

Punch  for  rails,  punching:  three  IJ''^  diam.  holes  in 

•  Y^  metal  at  the  rate  of  34  strokes  per  min 

Punch  for  rails,  starting,  on  account  of  heavy  fly- 
wheel.  , 

Hot  saw,  cutting  20''''  x  Y^  I  beams,  speed  1800  per 

min.,  cut  2J  min .' 

Hot  saw,  cut  1  min..... : 

**        cut55sec 

Ck)ld  saw,  Newton,  on  80  lb.  rails,  diam.  20^^,  width 

^^^,  192  teeth,  8  rev.  per  min 


Horse-Power 
running 

Idle. 

• 

Horse- F0« 
doing  fti 
work. 

1.1 

4.8 

1 

1.4 
10.8 

", 

1.6 

5.9 

1.6 

6.7  '■ 

•3.0 
14.8 

148  1 

3.0 

8.9 

4.6 

31. 
84. 
92. 

3.8 

Power  Consumed  by  Sttjrtevant  Steel  Pressure  Blowsm 


WITH  Outlet  Fully  Open. 

1 
biasL 

Size  blower. 

4  oz.  blast. 

5  oz.  blast' 

6  oz;  blast. 

7  oz.  blast. 

8  0S. 

Rev. 

H.P. 

Rev. 

H.P. 

Rev. 

# 

H.P. 

Rev. 

H.P. 

Rev. 

Elf 

( 

2 

3103 

2.1 

3445 

3.0 

3756 

3.9 

3 

2456 

3.0 

2743 

4.2 

3006 

5.4 

• 

■1 

•      4 

2224 

4.2 

2470 

5.7 

2692 

7.5 

5 

1814 

5.0 

2026 

8.4 

2215 

10.8 

2387 

13.8 

6 

1619 

7.8 

1797 

10.8 

1960 

14.1 

2009 

18.0 

2258 

21J 

7 

1344 

10.8 

1507 

15.0 

1641 

19.5 

1768 

24.9 

1898 

31J 

8 

1200 

13.5 

1330 

19.2 

1445 

25.2 

1565 

31.8 

1676 

89.( 

9 

1035 

17.7 

1145 

24.9 

1250 

32.7 

1350 

41.4 

1446 

M 

JO          1 

902 1  23.7 

995 

33.6 

1085 

43.5 

1168 

55.2 

1263 

mx 
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PoTTEE  Used  bt  Fahs. 


BIseof  Fao. 

Table  ftel  per  mlnnte  . 
tovdlutloiiB  p«r  minute 
:Iorac-pawer 

::DbIc  ftet  per  minute  . 
lerDlulloiuperntiaDte 

■Qhlo  (Pet  per  mlnnte  . 
(BvDluUoni  per  minute 

(cTOlutlonn  per  minute 


£1      SO      U      8S      18 


4C4I  si-i\  xnf   mo 


sol  Tseol  8472  iisul 
sar  4411  413.  seni 

77    .fiSO    .754  1.083 


H     «t     ia 

ft'MO  11778  IflSfV 

i8Tj   ]a4   i(x 

.35S    .439    .631 

14310, 17M7  2547 
206  185  151 
.000. 133  LOT 

lOOSO  23555  3002 
275  247  20 
.UOB  2.400  3.59 

238.W  2944.^  4240 
anai  343  SOB  2B 
2.350  3.250  3.820  6.78 

392(10  5«5* 


.8l«i  1.420  1,064  2.26 


'OWES  RBdtriRBD  FOB  PiFE  THBBADINa  MACHINE.' 


machine  running  light 

IJ"  pipe  at  40  rev.  of  macliine  per  min 

2"        "       32        "  "  "        

4"        "       12        "  "  "         

ig  li"  "       45  rev.  pej-  min.,  22.4  Hneal  ft.  per  min. 

2"    "       32       "        "       20 

3"    "       21        "        "       19 
__4"_'J_ 12     _^; l_i4__ " "_ 

nethods  of  transmitting  power  are  principally  the  fol- 

Shafting  with  pulleys  and  belts. 

Shafting  with  pulleys  and  ropes  or  rope  driving. 

Shafting  and  gear-wheels. 

Shafting  and  friction  clutches. 

Pneumatic,  by  compressed  air. 

Electrical,  by  dynamos,  line,  and  motore. 
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Shafting,  which  was  formerly  made  of  wrought  iron,  is  n 
largely  made  of  steel.  It  must  be  large  enough  to  transmit  1 
desired  power  without  being  twisted  too  much,  and  it  must  a 
be  large  enough  to  stand  the  pull  of  belts,  its  own  weight,  a 
the  weight  of  pulleys,  without  being  deflected  or  bent  enongii 
cause  trouble.  The  hangers  or  shaft  supports  should,  of  coun 
be  placed  as  close  as  possible  to  the  pulleys,  and  should  be, 
general,  for  light  shafting  not  over  8  feet  apart 

'the  following  two  formulae  will  give  the  necessary  sizes  of  sha 
and  allowable  distance  of  hangers  for  either  rolled  iron  or  sb 
shafting. 

Let  B  =  number  of  revolutions  per  minute,  H.P.  =■  number 
horse-power  to  be  transmitted,  d  =>  diameter  of  shaft,  and  2/-d 
tance  in  feet  between  the  hangers ;  then 


m 


rOH.R     Qj.     TTi>.(PR 


R  70 

X=fl30^,    or    d^^^ 

These  formulae  are  short  methods  of  expressing  the  followi 
rules : 

To  find  the  diameter  of  a  shaft  to  transmit  a  certain  hoi 
power  at  a  certain  speed,  multiply  the  horse-power  by  70  i 
divide  by  the  number  of  revolution^  per  minute  and  find  the  ca 
root  of  the  quotient;  or 

To  find  the  horse- power  which  a  certain  shaft  will  transmit 
a  given  speed,  multiply  the  cube  of  the  diameter  by  the  rw 
lutions  per  minute  and  divide  by  70. 

To  find  the  allowable  distance  between  hangers,  multiply! 
square  of  the  diameter  by  140  and  find  in  the  tables  the  cube  n 
of  the  product.  ' 

The  first  formula  gives  the  size  of  shaft  to  transmit  a  certi 

number  of  horse-power  at  a  certain  speed.     The  second  or  Ion 

formula  tells  how  near  together  the  lian^ei^  iii\i«t  he  for  that  i 

of  shaH.     If  it  is  not  possible  to  put  ttie  Yiaw^«^  «a  tl<^x  ^^ 
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be  shaft  must  be  made  larger  and  its  diameter  will  be  found  by 
iring  the  second  formula. 

Example. — What  size  of  shaft  is  necessary  to  transmit  100 
3LP.  at  200  rev.  per  minute  i    Taking  the  first  formula  we  have 

1-1/ — oaT^ —  '-^  i/35.    Looking  in  a  table  of  cube  roots  we  find 

aiatv'35,ord,  =  3.27". 

Sappose  we  find  that  the  hangers  cannot  be  placed  nearer  than 
1)0  feet.     To  see  if  the  diameter  3.27''  is  enough,  take  the  second 

braiula  d  -  J^  =  ^^^^^^,  or  d- 1/7:1  =  2.66".   From  this 

ire  see  that  the  3.27",  or  3  J",  shaft  will  be  strong  enough  even  with 
ibe  hangers  at  10  feet  distance  apart. 

Belting. — ^While  there  are  several  methods  of  connecting  shafts 
IQ  that  one  turns  the  other,  the  most  common  way  is  by  means  of 
belts. 

Rubber  and  leather  belts. — Rubber  belts  will  transmit  nearly 
18  mjuch  power  as  leather  belts  with  the  same  tension ;  and  they 
lave  this  advantage,  that  they  may  be  made  of  any  length,  width, 
>r  thickness,  and  yet  always  run  straight,  providing  the  pulleys 
Ue  in  line.  Besides,  their  first  cost  is  much  less  than  those  of 
father ;  but  they  will  not  last  over  half  as  long.  They  cannot 
»e  run  in  situations  where  the  belt  rubs,  nor  as  cross-belts,  or 
through  forks,  as  shifting-belts ;  and  when  they  give  out,  it  is 
llmost  impossible  to  repair  them. 

If  a  rubber  belt  runs  off,  and  becomes  entangled  in  the  machin- 

,  ten  chances  to  one  it  will  be  completely  ruined ;  whereas,  a 
er  belt,  under  like   circumstances,  will   sustain  very  little 

Jury.  When  saturated  with  oil,  they  soon  rot,  and  when  situa- 
iU  in  cold,  damp  places,  they  are  liable  to  freeze,  which  has  a 

dency  to  separate  the  difierent  thicknesses  and  ruin  the  belt. 

ides,  they  often  freeze  to  the  face  of  pulleys  wYieu  sXsiXiS^xi^ 

[  and  when  started  up,  the  gum  facing  is  torn  off>  NrtiVOa.  x>wxM 
90lfelt 
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A  leather  belt,  if  made  of  good  stock,  not  overstrained  ai 
properly  treated,  will  last  for  twenty  years.  When  partly  wd 
out,  it  may  be  cut  up  and  used  over  again  for  a  narrower  i 
shorter  belt ;  and  when  entirely  unfit  for  the  transmission  of  pom 
it  may  be  used  for  different  purposes  around  a  factory ;  but  win 
rubber  belts  are  worn  out,  they  are  of  no  value  whatever. 

Belts  derive  their  power  to  transmit  motion  from  the  firictki 
between  the  surface  of  the  belt  and  the  pulley,  and  from  nothiq 
else,  and  are  governed  by  the  same  laws  as  in  friction  between  ft 
surfaces.  The  friction  increases  regularly  with  the  pressure.  H 
great  difference  often  observed  in  the  friction  of  belts  is  due  simpl; 
to  their  elasticity  of  surface ;  that  is,  the  more  elastic  the  suiftQ 
the  greater  .the  friction. 

In  taking  power  fi*om  any  source  of  motion,  there  are  two  poini 
which  control,  us;  all  the  others  we  can  control  and  modify  to  | 
certain  extent.  Ordinary  belts  will  sustain  safely  a  working  tei 
sion  of  45  lbs. 'per  inch  in  width;  the  rule  to  determine  the  widtl 
of  belt  and  size  of  pulley  required  to  transmit  a  given  horse-pofM 
is  easily  found.  Since  a  horse-power  is  33,000  pounds  raised  oa 
foot  high  per  minute,  we  must  adjust  the  width  and  velocity  d 
belts  so  as  to  effect  the  required  result.  Thus,  if  the  belt  movH 
with  a  velocity  of  733  feet  per  minute,  a  belt  five  inches  iri4 
will  transmit  five  horse-power,  provided  the  effective  tension  is  Ij 
lbs.  per  inch.  If  the  velocity  be  increased  to  1466  feet  per  wH 
ute,  the  same  belt  with  the  same  tension  will  transmit  ten  hoM 
power.  So  that  a  five-inch  belt,  applied  to  a  five-foot  pulley  malj 
ing  120  revolutions  per  minute,  would  transmit  ten  horse-pom 
when  the  effective  tension  is  225  pounds. 

By  taking  the  actual  effective  tension  of  the  belt,  and  multip^ 
ing  it  by  the  actual  velocity,  we  get  what  may  be  called  the  il 
dicated  horse-power  of  the  belt,  which  corresponds  to  the  indicatQ 
horse-power  of  the  engine.  And,  finally,  by  measuring  the  ad 
ual  power  transmitted  —  which  may  be  done  by  means  of  a  dyi 
awometer — we  can  get  the  actual  power  transmitted.  Bak 
Ifo^ed  upon  the  amount  of  belt  surface  in  cowVaeX  m^ScL^'ek^poSa 
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on  similar  data,  cannot  be  made  to  give  reliable  results.  For 
ctical  purpc^eSy  velocity  and  power  to  resist  tension  are  the 
J  available  elements  of  the  calculation.  Actual  tension,  adhe- 
I,  firiction,  etc.,  can  all  be  varied  at  will,  and  consequently  form 
certain  dependence  for  the  calculations  of  the  machinist  and 
pineer. . 

)n  the  soientiflo  principle  that  the  adhesion,  and  consequently 

capability  of  leather  belts  to  transmit  power  from  motors  to 

chines,  is  in  proportion  to  the  pressure  of  the  actual  weight  of 

leather  on  the  surface  of  the  pulley,  it  is  manifest. that,  as 
ger  belts  have  more  weight  than  shorter  ones,  and  that  broader 
ts  of  the  same  length  have  more  weight  than  narrower  ones,  it 
y  be  adopted  as  a  rule  that  the  adhesion  and  capability  of  belts 
transmit  power  are  in  the  ratio  of  their  relative  lengths  and 
ladth.  A  belt  of  double  the  length  or  breadth  of  another 
ier  the  same  circumstances,  will  transmit  more  than  double  the 
irer.  For  this  reason  it  is  desirable  to  use  long  belts.  By 
ibling  the  velocity  of  the  same  belt,  its  effectual  capability  for 
nsmitting  power  is  also  doubled. 

Good  stock  is  the  first  requirement  of  a  belt,  which,  if  spongy, 
11  not  meet  that  demand.  It  must  be  firm,  but  pliable;  the 
lin  or  hair  side  should  be  free  from  wrinkles ;  the  stock  should 
)w  no  irregularities  in  dressing,  but  be  of  an  even  thickness 
X)ughout;  the  splices  should  be  mathematically  true,  and  if 
ets  are  employed,  they  should  be  inserted  on  the  hair  side,  and 
J  burrs  sent  home  before  riveting ;  the  edges  should  be  parallel 
i  perfectly  straight.  In  handling  a  belt,  examine  it  carefully, 
able  it  up,  the  hair  side  out,  and  press  it  together ;  if  it  crack 
der  this  treatment,  it  should  be  rejected,  as  the  rational  use  of  a 
It  consists  in  utilizing  the  whole  amount  of  power  it  will  trans- 
t 

Belts  are  sometimes  used  having  a  transmitting  power  of  double 
5  capacity  necessary  where  they  are  employed,  YjhU^  C!^\\.^  ^js^ 
en  thej  are  much  too  narrow  for  the  work  lecjuired  oi  XJaeci, 
f  &r8t  Instance  shows  a  uaeleaa  waste  of  material,  l\ie  \«AX«t 
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poor  economy ;  as,  in  order  that  it  may  perform  the  Work  reqv 
it  is  necessary  frequently  to  take  it  up,  as  a  result  of  whicl 
weak  points  succumb  to  the  strain,  and  it  is  torn  asunder ; 
not,  the  shaft  is  likely  to  be  drawn  out  of  line,  or  the  bearing  • 
heated. 

In  using  a  new  belt  a  few  days,  if  it  present  a  mottled  ap 
ance  on  the  side  next  to  the  pulkys,  it  may  be  set  down  that 
not  furnishing  the  full  capacity  of  its  power.  The  spots  ref( 
to  indicate  that  certain  portions  of  the  belt  do  not  toudi 
pulley,  and  that  its  entire  transmitting  power  is  not  utilized, 
the  face  of  the  pulley  is  true,  and  the  belt  is  as  nearly  perfe 
possible,  the  defect  may  be  remedied  by  the  judicious  applici 
of  rendered  tallow  and  fish  oil,  two  parts  of  tallow  to  one  OJ 
melted  and  allowed  to  cool.  A  new  belt  should  be  used  a  df 
two  before  it  is  oiled,  and  frequent  application  of  small  quan 
are  better  than  too  liberal  oiling  at  long  intecvals. 

If  a  belt,  of  the  proper  size  for  the  work  it  has  to  do,  slip  oi 
pulley,  it  is  caused  by  the  centrifrigal  force,  which  tends  to  tl 
it  outward;  a  corresponding  degree  of  tension  will  cheek 
defect. 

Belts  should  be  put  on  by  a  person  acquainted  with  their 
as  the  wear  of  the  belt  depends  considerably  on  the  mann€ 
which  it  is  put  on ;  therefore,  the  following  suggestions,  if  j 
tised,  will  be  of  much  service  to  persons  employed  in  this  ca 
ity.  The  ends  to  be  joined  should  be  cut  perfectly  square 
order  that  one  side  may  not  be  drawn  tighter  than  the  oi 
Good  lace-leather,  if  properly  used,  will  give  better  satisfa( 
than  any  patent  fastening. 

Where  belts  run  vertically,  they  should  always  be  drawn  mc 
ately  tight,  or  the  weight  of  the  belt  will  not  allow  it  to  ad 
closely  to  the  lower  pulley ;  but  in  all  other  cases  they  shoul 
slack.  In  many  instances,  the  tearing  out  of  lace-holes  is  unjt 
attributed  to  poor  belting ;  when,  in  reality,  the  fault  lies  in  hs 
a  belt  too  short,  and  trying  to  force  it  togetix^t  by  lacing,  and 
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ore  the  leather  has  stretched  while  being  manu&ctured,  the  more 
ible  it  is  to  be  complained  of. 

How  to  test  the  quality  of  leather  for  belting. — Gut  a  small 
trip  of  the  leather  about  y'^  of  an  inch  in  thickness,  and  place  it 
1  strong  vin^ar.  If  the  leather  has  been  thoroughly  tanned, 
nd  is  of  good  quality,  it  will  remain  for  months  even  immersed, 
rithout  alteration,  simply  becoming  a  little  darker  in  color.  But, 
n  the  contrary,  if  not  thoroughly  tanned,  the  fibres  will  quickly 
well,  fliid,  after  a  short  period,  become  transformed  into  a  gela- 
inoas  mass. 

How  to  make  belts  run  on  the  oentre  of  pulleys. — It  is  a  com- 
wm  occurrence  for  belts  to  run  on  one  side  of  the  pulleys.  This 
irises  from  one  or  two  causes :  1st,  One  or  both  of  the  pulleys 
Bay  be  conical,  and,  of  course,  the  belt  will  run  on  the  higher 
jde.  The  most  effectual  remedy  for  this  will  be  to  straighten 
ihe  &ce  of  the  pulleys.  2d,  The  shafts  may  not  be  parallel  or 
BacUy  in  line.  In  this  case  the  belt  will  incline  off  to  the  side 
riiere  the  ends  of  the  shafts  come  the  nearest  together.  The  rem* 
Bdy  in  this  case  would  be  to  slack  up  on  the  hanger-bolts,  and 
Irive  the  hangers  out  or  in,  as  the  case  may  be,  until  both  ends  of 
lie  shafts  become  exactly  parallel.  This  can  be  determined  by 
jetting  the  centres  of  the  shafts  at  both  ends  by  means  of  a  long 
bth  or  light  strip  of  board. 

Tighteners. — The  tightener  should  be  placed  as  close  to  the 
luge  or  driving-pulley  as  circumstances  will  permit,. as  the  loss 
rf  power  incurred  by  the  use  of  the  tightener  is  equal  to  that  re- 
fiired  to  bend  the  belt  and  carry  the  tightening-pulley.  Conse- 
^^tly,  there  is  a  greater  loss  of  power  by  placing  it  near  the 
miall  pulley,  as  the  belt  is  required  to  be  bent  more  than  when  it 
k  placed  near  the  large  one. 

The  reason  why  belts  run  to  the  highest,  side  of  a  pulley  is  due, 
jttpart,  to  centrifugal  force,  and  also  to  the  fact  that  the  part  of 
bbdt  nearest  the.  highest  part  of  a  rounded  pulley  is  more  ra^- 
Hf  drawn,  because  the  circumference  of  the  pulley  \s  gi^oA/^i  ^\ 
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Length  of*  Belt. — ^To  find  the  length  of  belt  necessary  to 
nect  two  pulleys,  of  course  the  simplest  and  most  accurate  met 
is  to  measure  it.  If,  however,  it  is  necessary  to  ascertain  it  be 
the  pulleys  are  in  place,  the  following  rules  may  be  applied : 

Open  Belt, — Add  together  the  diameters  of  the  two  pulleys 
multiply  the  sum  by  3.1416;  to  half  the  product  thus  obta 
add  twice  the  distance  between  centres  of  shafts.  If  the  pul 
are  of  the  same  diameter,  or  nearly  so,  the  result  obtained  by 
rule  will  be  accurate,  otherwise  it  will  be  slightly  too  smalL 

Crossed  Belt. — Divide  the  sum  of  the  diameters  of  the 'two 
leys  by  twice  the  distance  between  centres  and  to  the  quotient  i 
obtained  add  1.571.  Multiply  this  sum  by  the  sum  of  the  di 
eters  of  the  two  pulleys,  and  to  the  product  add  twice  the  disti 
between  centres.  The  result  will  very  closely  agree  with  the 
length  required,  the  result  being  the  more  accurate  the  greater 
distance  between  centres. 

Example. — 18"  pulley  and  12"  pulley,  20  feet  between  cen 

Open  l,dt  =  ^^^^^^l^^^2.20-^4S'  11". 

Crossed  belt  =  (V^i5+1.57l)  2.5  +  40  =  44'  1". 

To  calculate  the  width  of  belt  to  transmit  a  given  horse-pc 
there  are  various  rules  which  give  results  differing  consider) 
from  each  other.  This  is  because  different  writers  are  not  ag; 
as  to  the  safe  allowable  strain  to  put  on  a  belt,  nor  as  to  the  i 
tive  value  of  double  and  single  belts.  The  faster-the  belt  runs 
more  power  it  will  transmit  at  a  certain  degree  of  tightness,  so 
a  2-inch  belt,  with  a  speed  of  2000  feet  per  minute,  will  trani 
safely  twice  the  power  that  it  will  at  1000  feet  per  minute. 

Allowance  must  be  made  for  special  cases,  such  as  quarter  ti 
crossed,  vertical  belts,  and  belts  running  from  very  large  to  \ 
Small  pulleys. 

The  following  tables  give  the  speed  in  feet  per  minute 
various  sized  pulleys  and  rotary  speeds.     The  ordinary  veloci 
^j-  belts  are  between  2000  and  5000  feel  pet  mrnxjAfc. 
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;  this  speed  a  1"  belt  will  transmit  4  H.P.  A  10"  belt,  there- 
re,  will  transmit  40  H.P. 

Special  cases,  where  the  belts  are  crossed,  vertical,  or  quarter 
m,  must  have  the  results  modified.  The  result  as  given  above 
Qst  be  multiplied  by  the  figures  in  the  following  table  : 

MultipUer. 

Deuble  horizontal,  open  belts 1.6 

Single  vertical,  open  belts 8 

Double  vertical,        "        .., 1.2 

Single  horizontal,  large  to  small  pulleys 2 

Double  horizontal,        "  «         3 

Quarter  turn,  single  belts 6 

double  belts 8 

Example, — If  the  10"  belt  above  were  vertical,  what  would  be 
le  horse-power  which  it  could  transmit  safely  ? 

Am.  40  ^  .9  =  32  H.P. 
Suppose  also  the  driven  pulley  were  much  smaller  than  the  30" 
river  above,  say  6".    Then  if  the  belt  were  horizontal  it  would 
ansmit 

40 X. 2=  8  H.P.,  if  single, 

40x.3  =  12H.P.,  if  double; 
id  40  X  .2  X   .8  =  6.4  H.P.,  if  single  vertical, 

40  X  .2  X  1.2  =  9.6  H.P.,  if  double  vertical. 

To  find  the  width  of  belt  when  the  horse-power  is  given,  first 

sume  that  the  belt  is  horizontal  and  open  and  find  width.    Then 

it  is  crossed  -or  vertical,  divide  the  result  by  the  proper  number 

»tained  from  the  above  table. 

Exam'ple. — Wanted  to  transmit  100  H.P.  from  a  60"  pulley 

rning  at  300  rev.  per  minute  to  a  80"  pulley,  using  a  double 

It;   what  width   is   necessary?     The  small   pulley  is   nearly 

rtically  above   the   large.      What  width   belt  will   be  neces- 

ry? 

From  the  table  of  belt  speeds  we  find  that  the  speed  m  ^)Kva 
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case  is  78.54x60  =  4712  rev.  per  minute.  At  this  sjk 
single  horizontal  belt  will  transmit  7.78  H.P.  Thei^fore, 
mit  100  H.P.  we  need  100  -^  by  7.78,  or  a  12"  belt.  But 
belt  runs  vertical,  we  look  up  in  the  table  of  special  cases 
the  number  corresponding  to  this  case  to  be  .8.  Dividin 
.8,  we  get  15"  as  the  width  of  a  single  belt.  But  a  doi 
will  carry  1.6  times  as  much,  so  that  we  can  use  a  doi 

•  15  ^  1.6,  or  9"  belt. 

Rule  for  finding  the  change  required  in  the  length  of  a  i 
one  of  the  pulleys  on  which,  it  runs  is  changed  for  one  of  a 
size, — Take  three  times  the  difference  between  the  dian 
the  pulleys  and  divide  by  2.  The  result  will  be  the  1 
belt  to  cut  out  or  put  in. 

How  to  measure  a  coil  of  belting. — ^Add  the  diamet 
hole,  in  inches,  to  the  outside  diameter  of  the  roll ;  mu 
the  number  of  coils  in  the  roll ;  then  multiply  this  by  the 
•1309,  and  the  product  will  be  the  number  of  feet  in  the  ] 
have  the  exact  length,  the  average  diameter  must  be  us 
roll  is  not  perfectly  round,  and  fractional  parts  of  an  ii 
not  be  omitted  in  the  calculation. 

How  to  put  on  a  belt, — Never  place  a  belt  on  the  ] 
motion  ;  always  place  it  first  on  the  loose  pulley  or  the  ] 
rest;  then  run  it  on  the  pulley  in  motion.  If  the  bel 
heavy,  and  the  pulleys  run  at  a  very  high  speed,  it  is  ad\ 
slack  on  the  speed  of  the  engine ;  but  when  this  is  impr 
or  inconvenient,  care  must  be  taken  to  mount  the  belt  on  i 
face.  The  person  engaged  in  so  doing  must  have  a  firm 
and  prevent  his  clothing  from  getting  in  contact  'either 
belt  or  pulley.  Where  the  belt  is  heavy,  and  the  locat 
that  it  is  impossible  to  get  a  solid  footing  and  exert  sti 
running  on  the  belt,  it  is  best  to  stop  the  engine  and  m 
belt  on  the  pulley  as  far  as  possible.  Then  take  a  sm 
double  it,  slip  one  end  through  the  arms  and  around  the 
77/27  of  the  pulley,  and  the  other  end  through  the  loop  fc 

t/fe  double  of  the  rope ;  then  stand  on  l\ve  ^ooy  wi  \X\^ 
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ade,  and  draw  on  the  rope,  when  the  belt  will  be  hugged  to  the 
periphery  of  the  puUej.  When  motion  is  oommunicated,  it  may 
be  slipped  on  without  any  trouble,  while  by  letting  go  the  end  of 
fte  rope  when  the  belt  is  on  the  pulley,  the  noose  will  be  undone 
Bud  the  rope  thrown  ofL 

Rule  fer  finding  the  required  size  of  a  driving-puUey  for  any  re' 
yidred  speed. — Multiply  the  diameter  of  the  driven  pulley  by  the 
number  of  revolutions  it  should  make,  and  divide  the  product  by 
tiie  revolutions  of  the  driver.  The  quotient  will  be  the  required 
Bie  of  driver. 

Rule  for  finding  the  diameter  of  a  driven  pulley  for  a  given 
tiumber  of  revohdions,  the  diameter  and  revolutions  of  the  driver 
Mng  known, — Multiply  the  diameter  of  the  driver  by  its  num- 
ber of  revolutions,  and  divide  the  product  by  the  number  of 
devolutions  of  the  driven  pulley.  The  quotient  will  give  the 
proper  size  of  the  driven  pulley. 

Rope  Driving. — ^The  use  of  rope  made  of  cotton  or  manilla  is 
being  very  largely  extended  where  it  is  desired  to  transmit  power 
to  considerable  distances.  The  cost  of  rope  is  much  less  than  that 
erf  belting,  and  moreover  the  pulleys  do  not  have  to  be  lined  up  so 
Mcurately  when  rope  is  used. 

The  pulleys  used  are  grooved,  usually  V-shaped  and  at  an  angle 
ot  30^  to  60^,  the  practice  of  engineers  varying  in  this  respect. 
Borne  engineers  also  use  a  curved  groove.  The  sides  of  the 
grooves,  whatever  may  be  their  form,  must  be  perfectly  smooth 
WbdA  polished  so'as  to  avoid  cutting  the  rope  fibres.  The  diameters 
pt  the  pulleys  must  be  properly  chosen  with  reference  to  the 
Ittuneter  of  the  rope,  for  to  attempt  to  carry  a  large  and  stiff  rope 
taimnd  a  pulley  of  small  diameter  would  result  in  the  rapid 
f<|pearing  of  the  rope.  There  are  two  general  methods  of  using 
ifeopes  where  it  is  desired  to  use  several  working  side  by  side  on 
grooves  of  the  same  pulley.  One  is  to  put  them  on  like  so 
y  spliced  belts,  one  working  in  each  groove.  T\ve  d\Sie\\\Xr3 
\neneed  In  this  method  of  working  is  that  they  do  not  aXV  ^xjX 
Bqualljr,  and  this  is  especmlly  the  case  when  driving  irom  a  \«iX^ 
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to  a  small  pulley.  It  may  be  largely  overcome  by  making  tbsj 
grooves  of  the  smaller  pulley  with  a  sharper  angle.  The  other  method] 
is  to  wrap  the  rope  around  the  pulleys  as  many  times  as  there  ara^ 
grooves,  and  then  carry  it  through  idlers  so  arranged  as  to  allow^ 
the  tension  to  be  varied,  and  then  carrying  back  to  the  starting-a 
point  and  splicing  it.     This  method  is  shown  clearly  in  the  figura ! 


• 


Idlers  whenever  used  should  be  arranged,  if  possible,  so  that 
the  rope  will  always  be  bent  in  one  direction,  as  changing  the 
direction  of  bending  greatly  increases  the  wear. 

The  speeds  allowable  vary  from  about  26  to  100  feet  par: 
second,  with  perhaps  the  most  common  practice  at  about  80  feet 
per  second.  The  tension  on  the  rope  is  made  up  of  three  separaiB 
tensions :  1st,  the  initial  tension  when  not  in  motion ;  2d,  that  daei 
to  centrifugal  force;  3d,  that  necessary  to  transmit  the  power*! 
The  sum  of  all  these  must  not  be  allowed  to  exceed  the 
working  strength  of  the  rope.  The  following  tables  give 
breaking  weight  of  various  sizes,  and  also  what  would  be  consic 
ered  the  safe  weight  if  they  were  used  to  support  a  weight, 
being  in  motion  in  any  way.  This  safe  load  is  taken  at  oi 
quarter  of  the  breaking  load.  For  rope  driving,  however, 
much  greater  factor  of  safety  must  be  used,  and  the  safe  worl 
strength  for  rope  driving  will  be  taken  at  about  one-eighth  of 
safe  load  T  when  at  rest,  or  one-thirty-second  of  the  breaking  Ic 
S.  The  tables  also  give  the  smallest  a\\oy?a\Aft  d\».\ns^r  of  pal 
^er  for  each  size  rope. 
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The  following  tablee  give  the  horse  power  transmitted  safely, 
cording  to  the  furmube  of  Mr.  C.  W.  Hunt,  of  New  York ;  also 
e  sag  of  rope  between  pulleys : 
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Gearing. — If  on  two  parallel  shafts  we  mount  two  pulleys  of 
Lch  diameter  that  their  fa^es  just  touch,  we  can  by  turning  one 
laft  drive  the  other  through  friction.  The  surfaces  of  the  pul- 
y  faces  are  not  smooth,  and,  if  looked  at  under  tlie  microscope, 
ill  be  found  to  be  made  up  of  alternate  hills  and  valleys,  and  it    ' 

by  the  pushing  of  a  hill  on  one  pulley  against  an  adjacent  hill 
1  the  other  pulley  that  the  motion  is  transmitted.  The  pulleys 
lay  be  considered  then  as  gear  wheels  having  an  infinite  number 
r  teeth  meshing  into  each  other.  'Suppose  that  we  cut  largei 
ieth,  making  larger  alternate  elevations  above  and  dft^xesswaft 
eneath  the  cfiimlrical  surface  of  the  pulley  face,  &\on?,  njVxiJb. 
rnSce  ire  supposed  tb^  two  puihja  firet  touched.     1\i6  \«Q\ii  Q^ 


xxxJZi      xtjavxxi^MuxtM:^    o      xxj^i^  a^  *, 


leel  will  fit  into  the  space  of  the  other,  and  the  ori| 
rical  surface  will  have  disappeared.    It  is,  however, 
iered  to  exist,  and  is  called  the  pitch  surface.    The  dii 
is  cylinder  is  called  the  pitch  diameter.    The  piieh  of  a 
;1  is  the  distance  measured  along  this  pitch  circle  or  sai 
i  one  side  of  a  tooth  to  the  same  side  of  the  next  tooth, 
h  is  divided  into  two  parts :  the  thieknesSf  which  is  the  width 
tooth,  and  the  space.    The  space  is  a  little  wider  than 
th,  and  the  difference  between  the  two  is  called  the 
cut  gears  this  difierence  is  very  small  indeed.    Only  geon 
e  same  pitch  will  work  together,  and  when  they  have  the 
itch  the  number  of  teeth  is  proportional  to  their  diametem 
Spur  Gears  are  used  to  connect  shafts  which  are  parallel 
3aoh  other. 

Bevel  Gears  are  employed  where  the  shafts  are  at  an 
with  each  other.    With  bevel  gears  the  pitch  is  measured  at 
larger  end  of  the  tooth. 

Kinds  of  Teeth. — ^There  are  two  forms  in  common  use, 
the  cycloid  and  the  involute,  the  latter  being  employed  where 
number  of  teeth  is  small.     Two  wheels  to  be  geared  together  mi 
have  not  only  the  same  pitch,  but  also  the  same  tooth  form. 

Rule  for  finding  the  diameter  of  toothed  wheels. — Multiply 
number  of  teeth  by  the  number  of  thirty-seconds  of  an  inch 
tained  in  the  pitch :  the  product  will  be  the  diameter  in  tenths 
hundredths  of  an  inch  ;  or,  multiply  the  number  of  teeth  by 
true  pitch,  and  the  product  by  '3184.    These  results  give  only 
iiameter  between  the  pitch-line,  on  one  side,  and  the  same  line 
the  other  side,  and  not  the  entire  diameter  from  point  to  point 
teeth  on  opposite  sides.     It  must  also  be  borne  in  mind  that 
results  are  only  approximate  diameters,  since  the  wheel  often 
from  the  computed  diai^ieter  in  consequence  of  shrinkage  and  o1 
causes.  * 

Rule  for  finding  the  required  number  of  teeth  in  a  pinion  to  hM 
'^yyii'e/i  velocity. — Multiply  the  velocity  or  wwuvber  of  revolutior 
the  driver  by  its  number  of  teelU  ox  \\a  ^\am^\ftT^wA  ^y^ 


THE     KIirGINEEB^S     HANDY-BOOK.  51 

16  product  by  the  desired  number  of  revolutions  of  the  pinion  or 
kiven. 

Rule  jar  finding  the  diameter  of  a  pinion,  when  the  diameter  of 
y  driver  and  the  number  of  teeth  in  driver  and  pinion  are  given, — 
loltiply  the  diameter  of  the  driver  by  the  number  of  teeth  in  the 
linm,  and  divide  the  product  by  the  number  of  teeth  in  the  driver, 
pd  the  quotient  will  be  the  diameter  of  pinion. 
\  Rule  for  finding  the  number  of  revolutions  of  a  pinion  or  driven, 
the  number  of  revolutions  of  driver  and  the  diameter  or  the 
of  teeth  of  driver  and  driven  are  given, —  Multiply  the 
iber  of  revolutions  of  driver  by  its  number  of  teeth  or  its 
leter,  and  divide  the  product  by  the  number  of  teeth  or  the 
leter  of  the  driven. 
Rule  for  finding  the  number  of  revolutions  of  a  driver,  when  the 
of  driven  and  teeth,  or  diameter  of  driver  and  driven,  are 
\, — Multiply  the  number  of  teeth  or  the  diameter  of  driven 
ite  revolutions,  and  divide  the  product  by  the  number  of  teeth 
the  diameter  of  driver. 

9iiAe  for  finding  the  number  of  revolutions  of  the  last  wheel  at  the 

of  a  train  of  spur-wheels,  all  of  which  are  in  a  line,  and  mesh 

one  another,  when  the  revolutions  of  the  first  wheel,  and  the 

of  teeth,  or  the  diameter  of  the  first  and  last  are  given,  — 

Itiply  the  revolutions  of  first  wheel  by  its  number  of  teeth  or 

diameter,  and  divide  the  product  by  the  number  of  teeth  or 

diameter  of  the  last  wheel ;  the  result  is  its  number  of  revo- 

vUB. 

^HuHe  for  finding  the  number  of  revolutions  in  each  wheel  for  a  train 
^^r-wheels,  eaeh  to  have  a  given  velocity. —  Multiply  the  number 
Involutions  of  the  driving-wheel  by  its  number  of  teeth,  and 
Wde  the  product  by  the  number  of  revolutions  each  wheel  is  to 
Pke.     The   result  will  be  the  number  of  teeth   required   for 

for  finding  the  number  of  revolutions  of  the  last  wheel  m  a 
of  wheels  and  piniom,  spurs  or  bevels,  when  the  reDolutxous  oj 
or  driver,  and  i^  duzmeter,  the  teeth  or  the  cirmmjereace  oj 
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idl  the  drivers  and  pinions,  are  given. — Multiply  the  diameter/ 
circumference,  or  the  number  of  teeth  of  all  the  driving-wl 
together,  and  this  continued  product  by  thq  number  of  revdi 
of  the  first  wheel ;  and  divide  this  product  by  the  coDtinued 
uct  of  the  diameter,  the  circumference,  or  the  number  of  teetki 
all  the  pinions,  and  the  quotient  will  be  the  number  of  irevohil 
of  the  last  wheel.     In  this  case  each  wheel  has  mounted  on 
same  shaft  with  it  a  pinion  which  meshes  with  the  next  wheel 
the  train. 

Friction  Connections  are  used  principally  for  two  pui 
to  take  the  place  of  a  tight  and  loose  pulley,  in  which  oaM 
arrangement  is  called  a  Friction  Clutch  Pulley,  or  to  arrange 
or  more  sections  of  a  line  of  shafting  so  that  the  sections  may 
disconnected  from  each  other  or  reconnected  without  stopping 
shaft.     In  this  latter  case  the  arrangement  is  called 
Coupling, 

The  General  Principles  of  most  of  the  different  makes 
Clutches  are  alike.     A  pulley  is  mounted  on  a  sleeve  in  which 
shaft  turns,  and  is  free  to  turn  on  it.    The  pulley  has  a 
rim  attached  to  the  arms  or  a  disk  attached  to  the  hub,  which 
gripped  between  the  jaws  of  the  Clutch  device.     The  Clutch 
mounted  on  and  keyed  to  the  shaft.     The  jaws  are  made  to 
or  shut  by  moving  the  Clutch  Collar  in  one  direction  or  an< 
along  the  shaft  by  a  fork  handle.     This  operates  some  kind  o^ 
a  toggle  joint  and  moves  the  jaws.  ] 

The  Moore  &.  White  Clutch  Pulley  is  shown  in  the  figure  si| 
is  constructed  as  follows : 

The  pulley  is  made  with  a  long  hub  to  give  sufficient  weaiii 
surface.  The  hub  on  one  side  is  turned  true  to  receive  the  Clul 
Upon  the  hub  of  the  pulley  is  keyed  a  collar  with  Lugs  on 
side  which  engage  with  Lugs  on  the  Friction  Disc;  this  cai 
the-  Disc,  that  fits  loosely  on  the  hub  of  the  pulley,  to  revolve  W 
the  pulley,  and  at  the  same  times  leaves  the  Disc  free  to  vibi 
sideways  if  necessary.  The  advantage  of  the  Disc  being  loot 
connected  witn  the  pulley  iu  this  manner  will  be  apprecialed 
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■■  pulley  should  become  worn  loose  on  the  shaft,  or  in  case 
\  or  pulley  or  hub  should  not  run  true ;  this  prevents  the 
1  surface  wearing  when  the  Clutch  is  disengaged ;  it  also 
s  the  part  of  the  Clutch  which  is  keyed  to  the  shaft  from 
J  loose. 

Friction  Disc  is  filled  with  hard  wood,  and  presents  two 
lin  wood  Burfacee  which  come  in  contact  with  the  two  iron 
i.  The  two  iron  sur&ces  are  drawn  in  contact  with  the 
ood  surfaces  of  the  IHsc  by  a  very  powerful  mechanism,  as 
in  the  cut  The  Draw  Bolts  are  provided. with  Jam  Nuts, 
sail  be  easily  adjusted  to  take  up  any  wear  that  may  occur. 
rictioD  Clutch  can  be  made  in  halves,  applied  to  Wood 


,  Gearing,  Sprocket  Wheels,  or  to  anything  special  that 
!  desired. 

Hill  Clutch  is  shown  clearly  in  the  accompanying  figure, 
edfl  no  further  description. 
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i  Cut-off  Clutch  Couplings.— The  arrangement  for  coiS 
pro  aectious  of  a  shaft  is  shown  plainly  in  the  accompanj 


Another  cut  shows  the  friction  clutch   pulley,  ehaft,  i 
fever  form  of  clutch  shifter,    TVve  s\v\ftfiT  ma.'^  aleo  be  o^ 
^T*  wheel  aad  spur-geat  or  whec\  and  wutm-^eas. 


eumatic  tranGinission  of  power  has  man;  important  ap] 
into  extensive  use  for  operating  crani 
I,  drills,  riveting  machiaeB,  coaUminiDg  machinery,  railroad 
la,  shop  tools,  sand-blasts,  brakes,  etc  It  is  also  used  for 
ing  carpets  and  railroad  cur  cuehions,  refrigerating,  pump- 
.unuelling,  and  for  carrjing  messages  or  packages  through 
Some  pneunialic  locomotivcB  arc  in  use  for  operating 
,  cars,  while  for  driving  cars  iu  mines  they  are  quite  com- 
The  most  extensive  installations  are  to  be  found  in  Paris, 
Boae  central  station  ia  laid  out  for  24,000  H.P.,  and  supplies 
hundreds  of  motors  of  sizes  from  i  H.P.  to  60  H.P.,  the 
leing  compressed  to  about  six  atmospheres, 
le  compi^ssors  are  pumps  driveii  hy  belt  or  gear-wheels, 
lirectly  driven  by  a  water-wbeel  (by  means  of  a  crank), 
Btca I u -cylinder  and  piston.  In  this  last  case,  which  is 
common,  the  air-piston  and  ateam-piston  are  mounted  on  the 
'nda  of  the  same  piston-rod.  On  the  steam  end  steam  is  ad- 
d  at  its  maximum  presBure,  and  is  allowed  to  expand  till  it 
les  a  low  pressure  at  the  end  of  the  stroke.  The  reverse 
I  place  in  the  air-cylinder.  Here  air  is  admitted  at  atmo- 
■io  pressure  and  fills  the  cylinder.  On  the  return  stroke  the 
tire  gradually  increases,  till  at  the  end  of  the  stroke  fl\e  ^Twa- 
b>  that  of  the  reservoir  into  which  it  is  pum'pi'ng.    ^^w^a 


'^^ 


K^ 


H  that  when  the  steam -pressure  is  \ea»l,  tV' 


>y|j 
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pressure  against  which  it  is  working  is  greatest ;  and,  therefore^ 
very  heavy  fly-wheels  *  have  to  be  used  to  store  up  the  surpl 
energy  at  the  first  part  of  the  stroke  and  to  give  it  out  on  the 
part.  To  equalize  more  nearly  the  work  at  different  parts  of 
stroke,  the  compression  may  be  divided  into  two  stages  by  using 
large  cylinder  for  performing  the  first  part,  say,  from  atmospheric 
to  30  pounds,  and  a  smaller  cylinder  for  finishing  the  compressioD. 

The  compound  air  compressor  is  the  name  given  to  such  an 
arrangement  from  its  resemblance  to  the  compound  engine.  In 
addition  to  equalizing  the  strains  on  the  machine,  it  also  is  much 
more  efficient — i.  e.,  compresses  a  given  amount  of  air  with  a  leas 
amotlnt  of  steam  used  in  the  steam-cylinder.  For  very  high  presB- : 
ures,  as  for  2000  pounds  per  sq.  in.,  the  compression  is  divided  into 
three  or  even  four  stages  by  using  three  or  four  air-cylinders  as 
case  may  be.  The  steam  end  is  also  made  compound  or  triple 
pansion  to  secure  the  greatest  economy  in  the  use  of  steam, 
course,  where  two  steam-cylinders  are  used  they  may  cross 
pound  or  tandem,  and  the  same  is  true  of  the  air-cylinders. 
Rand  Drill  Co.  use  the  cross  compound,  while  the  Norwalk  I; 
Works  Co.  use  the  tandem  arrangement. 

The  cut  shows  a  single  steam-cylinder  and  a  tandem  compou 
air  compressor  with  names  of  the  different  parts  of  the  machine" 

The   Intercooler. — When   air  is  compressed  its  temperatura 

rises  to  an  extent  depending  on  the  amount  of  compression  sM 

the  original  temperature  at  which  the  air  was  taken  in.     The  rirf 

in  temperature  is  shown  in  the  following  table :  ■ 

Temperature  of  air  before  compression, 

Temperature  of  air  compressed  to  15  lbs. 
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«  (t 
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90^ 

)  15  lbs. 

177° 
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This  rise  in  temperature  has  two  bad  efiecte:  it  makes  lubticatj 
difficult,  and  it  iucreaees  the  power  uecesBary  to  compress  a  o 
tain  number  of  cubic  feet  of  air  per  minute  to  a  certain  uuml 
of  pounds  pressure.  To  overcome  this  difficulty  both  cylladeis  ■ 
water-jacketed,  which  obviates  it  to  some  extent ;  but  most  of  t 
cooling  is  done  in  the  intercooler,  which  receives  the  air  from  t 
first  cylinder.  This  intercooler  ie  a  tank  through  which  run 
large  coil  of  small  pipe  carrying  cold  water.  The  heated  ca 
pressed  air  conies  into  contact  with  the  extensive  cooling  surb 
of  the  pipes,  and  after  giving  up  its  heat  passes  on  to  the  secoi 
cylinder.  By  thus  cooling  the  air  about  15  per  cent  lees  po« 
is  needed  for  the  compression,  10  per  cenL  approximately  bdi 
saved  by  the  intercooler,  and  the  other  5  per  cent  by  the  vati 
jackets  of  the  two  cylinders. 
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The  fijUoring  table,  taken  from  Kent's  Hand-book,  vill  be  found 
■efiil  in  determining  the  power  required  for  v 

required 
-■   -"-"-er   ,.„ 

Air   ]>ri 


-  .'■djyiw  and  deliver  one 
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Capacity  of  Compressors :  Norwalk  Iron  Works  Co. — LUt  of 

itandard  steam-driven  compressors;  10  per  cent,  should  be  deducted 
fttHD  the  theoretical  capacity  given  in  table  for  loasee  in  friction, 
iHsting,  etc 
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the  figures  given  aboTe  by  the  percentages  in  the  following  tal 
to  get  the  capacity  at  different  heights. 

Height  above  sea  =  1000      2000     3000      4000     5000 
Per  cent 97         94         91         89         86 

Regulation  of  pressure  is  obtained  by  cutting  off  the  supply 
steam  to  the  steam-cylinder  when  the  pressure  gets  too  high,  a 
thus  slowing  down  the  engine  to  the  slowest  speed  at  which  it  « 
pass  the  dead  centres,  and  reversing  the  operation  when  the  pre 
ure  is  too  low.  To  do  this  a  balanced  valve  is  placed  in  the  stei 
supply-pipe,  which  valve  is  attaiched  to  a  piston  that  works 
a  little  cylinder  to  which  leads  a  pipe  from  the  air-reservwr. 
small  safety-valve,  which  can  be  adjusted  to  blow  at  any  pressu 
is  placed  in  this  pipe,  so  that  when  the  pressure  rises  beyond  t 
point  it  blows  and  lets  air  into  the  little  air-cylinder,  thus  drivi 
up  the  piston  and  closing  the  steam-valve.  The  piston  would 
driven  to  the  top  of  the  cylinder,  thus  shutting  off  the  stea 
supply  at  once,  were  it  liot  that  a  fine  slot  cut  in  the  cylinc 
is  uncovered  as  the  little  piston  rises,  and  thus  lets  out  the  f 
the  engine  having  a  part  only  of  the  steam  shut  off.  If  the  pK 
ure  in  the  air-receiver  rises  still  higher,  the  little  piston  ri 
accordingly  and  the  engine  is  still  farther  slowed  down.  K 
air  is  being  used  from  the  reservoir,  the  main  safety-valve  on  I 
reservoir,  which  is  set  a  couple  of  pounds  higher  than  the  lit 
pressure-regulating  valve,  will  blow  and  relieve  the  pressure 
the  reservoir. 

Reservoirs  or  receivers  are  steel  tanks  of  a  strength  suffice 
to  stand  the  pressures  to  be  used,  which  are  placed  one  n0ar  1 
compressor  and  one  near  the  point  where  the  compressed  m  18 
be  used.  They  are,  or  should  be,  provided  with  a  man-hole 
cleaning  and  for  drawing  off  any  water  that  may  collect  in  the 
They  perform  several  important  purposes,  viz. : 

They  may,  if  large  enough,  act  to  store  power;  but  usually, ' 

oepi  with  piwnmatic  locomotives,  they  are  not  made  of  sufficii 

sj^e  to  store  any  considerable  aiuouivt.    T\v^  oiife  xkftAx  i^  q 
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serves  to  take  up  its  pulsations,  and  the  pipe-system  thus 
ir  at  a  Gonstant  "pressure  instead  of  a  fluctuating  one.  The 
r  near  the  air-motors  supplies  sudden  demands  without  the 
e  dropping  appreciably,  and  thus  prevents  fluctuatioDS  of 
the  pipe  line.  Both,  therefore,  tend  to  promote  a  steady 
the  pipe  line  at  a  uniform  pressure  and  velocity,  and  thus 
the  loss  of  pressure  by  friction  in  the  pipe  line  to  a  minimum. 
^  also  allow  any  water  which  may  be  in  the  compressed  air 
rate  and  escape  from  it.  While  the  best  size  of  receiver  to 
I  depends  upon  the  special  conditions  of  each  case,  the  fol- 
list  shows  the  sizes  commonly  used  with  the  compressors  in 
iceding  table : 

Diameter.  Length.  Size  pipe. 

24  inches.  4  feet.  2i  inches. 

30     "  5    "  4 


36     "  8    ♦*  6 

36     "  13    "  6 

42     "  16    "  8 


u 


pipe  line  is  one  of  the  most  important  parts  of  a  com- 
l  air-system  of  power  transmission,  and  the  size  of  the  pipe 
)e  carefully  determined.     If  it  is  too  large,  money  will  be 

;  if  it  is  too  small,  there  will  be  great  loss  of  pressure 
to  friction.  Pressure  and  power  are  lost  by  friction  just  as 
er-pipe,  but  whereas  in  hydraulics  the  lost  power  bears  the 
Droportion  to  the  total  power  as  does  the  loss  of  pressure  or 
.0  the  total  pressure,  this  is  not  the  case  with  compressed 
e  loss  in  power  being  less  in  proportion  than  the  loss  in 

The  loss  in  pressure  for  a  pipe  2000  feet  long  is  practically 
:  the  loss  for  the  same  diameter  pipe  1000  feet  in  length ; 
,  the  loss  in  pressure  varies  proportionally  with  the  length. 
send  in  one  case  100  cu.  ft.  per  minute  through  a  pipe,  and 
ther  case  200  cu.  ft.  through  the  same  pipe,  the  loss  of  \^t^'s.- 

the  second  case  will  he  4  times  that  in  the  first.    T\\^t.  ^^> 
r^  the  velocity  gives  4  tim^s  the  friction  Iqss, 
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In  remote  portions  of  a  mine  it  ia  of  interest  to  know  th 
(ities  of  air  that  will  flow  through  amall  pipes,  when  the  i 
is  drawn  down  from  a  Large  main  which  furnishea  a  supply 
stant  pressure.     Below  we  give  such  a  table : 
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To  properly  proportion  the  size  of  pipe  for  a  tranamisBioii 
tern  we  must  consider  the  cost  of  coal,  compressorBy  and  pi] 
the  pressure  to  be  used,  and  to  get  the  best  results  skilled 
ment  and  experience  are  necessary.     For  small  and  siniple 
lations  which  are  run  usually  at  a  pressure  near  80  pool 
where  the  distances  are  comparatively  short,  the  following 
taken  from  the  catalogue  of  the  Norwalk  Iron  Works  Com] 
will  be  found  useful.    In  the  first  table  (page  63)  the  figuzeB 
first  column,  less  80,  give  the  loss  of  pressure  due  to  frictioo. 
with  a  1  inch  pipe  we  can  transmit  55.2  cubic  feet  per  minute  i 
tance  of  100  feet  with  a  loss  of  2.2  pounds,  a  very  moderatoJ 
If  we  should  want  to  run  200  feet,  the  same  pipe  will  givej 
loss  of  about  4.4  pounds,  which  might  be  allowable  for  soms 
while  for  others  a  larger  pipe  would  be  desirable. 

Air  Motors  are  of  various  types,  from  the  reciprocating 
drill  to  the  rotary  engine  type  used  in  the  Paris  system, 
nary  steam  engines  can  be  used  as  air  motors,  and  likewise  oi 
steam-driven  pumps.     The  quantity  of  air  used  per  hoi 
varies  with  the  size  of  units,  as  does  the  water  consumption 
steam  engine.    Moreover,  this  quantity  can  be  very  much 
if  just  before  the  compressed  air  goes  into  the  motor  it  be 
to  about  350°  F.,  and  the  hot  air  used  expansively. ' 
heated   the   quantity  of  air  used  per  horse-power  hour  is 
engines  of  i  horse-power,  with  air  at  80  pounds  pressure^ 
800  cubic  feet.      For  an  80  horse-power  engine  under 
conditions  a  test  showed  a  consumption  of  465  cubic  ftet 
hour. 

Efficiency  of  Compressed  Air  Systems. — There  are  losmj 
the  engine  due  to  friction,  losses  in  the  compressor  due  to 
and  heating,  losses  in  the  pipe  line  due  to  friction,  losses  in 
etc.,  and  losses  in  the  motor.     The  efficiency  of  the  engine 
compressor  may  be  taken  at  about  60  to  65  per  cent.,  that  of 
j)ipe  laid  at  from  95  to  98  per  cent.,  and  that  of  the  motors 
60  to  SO  per  cent,  depending  on  the  size.    ThecQmhiued  effidi 
pf/i  complete  system — that  is,  theViorse-^o^et  \^«si  qp^\,  ^' 
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ITS  dividied  by  that  put  iu  at  the  compressors: — may  be  taken 
om  85  to  55  per  cent 

eotric  transmission  of  power  is  one  of  the  most  common 
valuable  methods  in  use  at  the  present  day.  It  is  for  long 
KDces  the  most  efficient  and  least  expensive  in  first  cost.  For 
ium  distances  it  is  more  flexible  than  shafting  and  belting 
gearing,  and  except  for  very  short  distances  it  is  displacing 
e  methods.  For  mining  work,  however,  it  is  not  so  suitable 
ompressed  air,  owing  to  the  danger  of  explosion  caused  by 
iing  at  the  motors.  Like  compressed  air  systems,  it  makes 
o£  a  generator  or  dynamo,  which  changes  the  mechanical 
gy  of  a  water-wheel  or  steam  engine  into  the  energy  of  the 
trie  carrent.  The  dynamo  corresponds  to  the  compressor  and 
orms  a  similar  duty.  Indeed  it  may  be  considered  as  an 
krical  pump,  pumping  electricity  from  a  low  pressure  to  a  high 
Bare  and  tending  to  maintain  between  its  terminals  a  practi- 
f  constant  difference  of  electrical  pressure.  There  is  also  a  line 
sonveying  energy  from  the  generator  to  the  point  where  it  is 
e  used.  In  electric  transmission  this  is,  instead  of  a  hollow 
i  as  with  air,  a  solid  copper  wire,  of  size  suitable  for  the  power 
»e  transmitted  and  for  the  distance.  We  have  also  the  motors 
changing  the  electrical  energy  back  into  mechanical  energy, 
fih  is  then  used  in  driving  tools.  There  are  several  different 
eg  of  motors  specially  adapted  each  to  certain  classes  of  work, 
i  these  are  described  in  the  chapter  on  Electricity.  Gener- 
ic speaking,  however,  it  may  be  said  that  for  distances  between 
Aerator  and  motors  of  less  than  1500  feet  direct  current  motors 
used.  If  they  are  to  be  run  in  connection  with  a  lighting  sys- 
they  must  be  of  the  same  voltage  as  that  system,  which  is 
ly  110  volts,  although  the  use  of  220-volt  lamps  is  becoming 
extensive.  If  the  motors  are  to  be  supplied  by  an  inde- 
ent  generator,  it  will  be  preferable  to  use  a  220-volt  system, 
IS  to  diminish  the  cost  of  the  line.     For  very  long  d\s>l».\xe^^, 

to  1000  to  1500  feet,  it  would  evm  be  better  to  use  a  5^-no\X 
fed. 
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Where  we  want  to  run  at  practically  constant  speed  whate¥( 
the  load  on  the  motor,  the  shunt- wound  motor  will  be  used.  I^  i 
for  lathes,  we  want  to  have  several  speeds  at  which  the  motor  wi 
run  steadily,  this  is  accomplished  by  a  regulating  rheostat  or  ooi 
troUer.  For  planers  or  similar  machines  where  there  is  duria 
the  reversal  a  large  rush  of  current  a  compound-wound  mota 
with  series  coil  aiding  the  shunt  coil,  is  desirable.  The  sen 
motor  is  advisable  only  where  the  machine  is  constantly  changuol 
its  speed,  as  in  street-car  work. 

For  greater  distances  higher  pressures  than  500  volts  are  iifld 
and  alternate  currents  are  used  because  of  the  ease  with  which  1 
may  lower  their  pressure  to  a  value  not  dangerous  to  human  Hi 
when  we  get  to  the  point  where  we  want  to  use  them — that  18,(1 
motor.  In  alternate  current  systems  the  current  may  be  geiri 
rated  at  a  safe  pressure  of,  say,  300  volts,  raised  in  a  transformer  { 
5,000,  10,000  or  even  15,000  volts,  carried  along  a  comparativdj 
small  wire  at  this  pressure  until  near  the  motor,  reduced 
another  transformer  to  300  volts  and  used  at  that  pressure, 
transformers  may  be  placed  out  of  reach  and  require  no  attentii 
like  motors  and  generators,  the  attendants  are  not  subject  to 
greater  danger  than  with  the  direct  current  systems. 

The  alternating  current  polyphase  induction  motor  has  pi 
cally  the  same  characteristics  as  the  direct  current  shunt 
and  will  be  used  in  similar  cases. 

To  determine  the  proper  size  of  motor  for  driving 
particular  tool  can  best  be  done  by  taking  a  motor  and 
ning   the  tool  at   its  maximum   speed  and   load,   and   with 
amperemeter  and  voltmeter  noting  the  volts  and  amperes.     Mi 
ply  the  largest  reading  in  amperes  by  the  average  reading  of 
voltmeter  and  divide  the  product  by  750,  or,  to  be  more  exact,] 
746.     This  gives  the  electrical  horse-power  delivered  to  the  m( 
Divide  this  by  the  efficiency  of  the  motor,  which  will  vary 
80  to  95  per  cent.,  according  to  the  size.     This  result  gives 
rated  horse-power  o{  the  proper  s\ze  moloT. 
^ach  experiments  have  been  made  ouaW^^^nxMs^o^^i 
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difierent  kinds  by  the  authors  and  others,  and  the  results  of 
et  importance  will  be  found  in  an  earlier  part  of  this  chapter 
der  the  heading,  **  Power  Eequired  for  Machine  Tools." 
To  calculate  the  line  we  must  determine  what  electrical  press- 
e  we  shall  use,  what  power  the  motor  will  be,  and  what  the 
iowable  variation  in  the  speed  of  the  motor  is  between  fully 
ided  and  xunning  free.  Suppose  this  variation  is  8  per  cent. 
le  average  motor  has  in  itself  a  lack  of  regulation  of  about  3 
r  cent.,  so  that  the  line  should  be  large  enough  not  to  cause  a 
nation  of  over  5  per  cent.  If  the  system  were  a  110-volts  sys- 
Dn  and  the  motor  5  horse-power,  taking  a  current  of  about  40 
Dp^rea  we  should  use  such  a  size  wire  that  the  loss  of  pressure 
m  5.-5  volts  when  4  amperes  flowed  through  it.  The  method  of 
Iculating  the  size  under  such  conditions  is  given  in  the  chapter  on 
lectricity  and  need  not  be  repeated  here.  When  several  motors 
p  supplied  from  the  same  line  it  frequently  happens  that  they 
^  never  all  working  at  full  load  at  any  one  time.  When  this  is 
b  case  the  line  need  not  be  calculated  large  enough  for  the  sum 
f  their  horse-powers.  The  exact  allowance  to  be  made  is  not  a 
^ter  concerning  which  any  definite  rule  can  be  laid  down. 
ITien  the  number  of  tools  is  small,  say  5  or  6,  a  deduction  of  15 
»  25  per  cent,  should  be  made.  With  15  or  20  such  tools  as 
koee  used  in  an  ordinary  machine-shop,  measurements  have 
pown  that  a  wire  calculated  for  one-half  the  sum  of  the  powers 

the  separate  tools  was  ample. 

The  gain  in  using  high  pressures  is  enormous.  Suppose  that 
10  B.  &  S.  wire  is  used  to  connect  motor  and  generator  500 
apart  and  1  horse-power  was  being  transmitted,  the  current  at 

10  volts  being  approximately  40  amperes.  The  loss  in  heating 
wire  would  be  about  7  per  cent. 

If  we  double  the  pressure,  the  loss  will  be  J,  or  IJ  per  cent. 

[At  550  volts  the  loss  would  be  ^  of  7  per  cent.    . 
illOO    "         "  "    100  of  7      " 

we  could  transmit  with  a  7 per  cent  loss  100  horae-i^Yjer  on^x 

b,  10  wire  if  we  used  3  pressure  of  1100  volts. 
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At  11,000  volts  we  could  transmit  10,000  horse-power  at  7  p 
ceot.  loss,  or  100  horse-power  50,000  feet  at  7  per  cent.  Iosb. 

The  size  of  generator  is  determined  in  a  similar  manner  ( 
that  used  in  calculating  the  size  of  the  line.  While  motors  ai 
rated  in  horse-power,  generators  are  rated  in  kilo-watts,  or  SL  ^ 
One  K.  W.  =  1000  watts  or  1000  volt-amperes  «  H  horse-powa 
If  it  is  desired  to  select  a  generator  to  ftimish  current  for  on 
motor  only  of,  say,  50  horse-power,  the  calculation  is  as  followi 
60  horse-power  =•  37i  K.  W.,  the  power  delivered  at  the  pulley  a 
motor ;  37.5  ^  ^  (the  efficiency)  =  41*  K.  W.,  the  electrid 
power  delivered  to  the  motor  terminals.  Suppose  we  had  a  5  pi 
cent,  loss  on  the  line,  then  41}  +  ^^  »  43.78  K.  W.,  the  siae  d 
generator.    The  nearest  commercial  size  to  this  would  he  45  K.  ^ 

Efficiency  of  electrio  transmission  depends  largely  upon  tk 
size  of  units  employed.  The  efficiency  of  dynamos  and  motors  a 
the  same  sizes  is  practically  the  same,  and  approximate  values  SI 
given  in  the  following  table.  These  efficiencies  are  the  eommerm 
effidenciea,  namely  power  taken  out  of  the  machine  -*-  power  put  il 


H.  P 

K.  W 

Efficiency. 


i 

1 

2 

3 

5 

10 

15 

20 

25 

50 

i' 

1 

2 

3 

4.5 

8.7 

12.7 

16.7 

20.7 

40 

70 

80 

81 

82 

85 

87 

89 

90 

91 

93 

]« 
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The  loss  in  the  line  may  be  made  as  small  as  desired  by  incrssi 
ing  the  size  of  wire  and  hence  the  cost.  On  account  of  regulstkl 
of  pressure  it  rarely  exceeds  10  per  cent,  except  for  very  long  dil 
tances.  It  will  be  seen  that  the  efficiency  of  motors  and  genflNJ 
tors  is  considerably  better  than  that  of  air  compressors  and  dj 
motors.  4 

Lubricants. 

To  understand  the  quantity  of  oil  required  for  steam-cylindel 

slide-valves,  and  the  reciprocating  or  revolving  parts  of  stesH 

engines,  we  should  first  know  what  its  objects  are.    The  objects 

oi7  IS  to  diminish  friction,  by  interposing  a  thin  film  between  A 

sliding  or  revolving  surfaces.    To  insvir^  -ged^cX.  \\iXmsadiki&^^ 
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nrfaces  must  be  kept  coated  at  all  times,  under  all  pressures  and 
lelocities.  In  steam-engines  there  is  a  sliding  and  rotating  fric- 
ion,  and  it  is  very  doubtful  if  any  one  kind  of  oil  is  perfectly  ' 
nited  to  both.  Oil  has  no  tendency  to  improve  the  character  of 
i  bearing ;  its  functions  being  simply  to  keep  them  apart,  prevent 
leat,  and  diminish  friction. 

Temperature  exerts  a  very  important  influence  over  any  lubri- 
nuit  A  thin  oil  has  a  tendency  to  run  off  too  fast,  while  a  thick 
me  is  not  sure  to  flow.  Tallow,  and  all  other  thick  and  greasy 
Bompounds,  are  exposed  to  the  same  objection,  as  the  bearing  gen* 
mliy  gets  hot  before  the  lubricant  b^ns  to  flow.  Besides,  what 
ny  be  called  a  good  lubricant,  one  that  adheres  to  the  rubbing 
inr&ces  under  ordinary  circumstances,  may  not  be  equally  well 
Ikbipted  to  all  conditions,  as  the  area  of  the  bearing  surfaces  varies 
with  the  size  of  the  journals,  and  the  form  of  the  boxes,  which 
ttuises  a  difference  in  the  velocity  of  rotation.  From  this,  it  fol* 
bw8,  that  a  lubricant  that  would  be  retained  between  the  frictional 
forfaces  under  a  light  loadj  would  be  entirely  pressed  out  under  a 
beavy  one. 

The  quantity  of  lubrication  that  the  cylinders  and  slide-valves 
of  any  engine  require,  depends  on  the  condition  of  the  engine,  the 
amount  of  work  it  is  performing,  and  on  the  pressure  and  tem^ 
perature  of  the  steam.  If  the  load  is  light,  the  pressure  low, 
lind  the  engine  in  good  order,  very  little  lubrication  is  necessary ; 
I  kit  if  the  pressure  and  speed  are  high,  and  the  engine  is  working 
q)  to  its  full  capacity,  the  cylinder  and  valves  will  require  to  be 
firequently  lubricated.  But  in  no  case  should  an  unnecessary 
l^iantity  be  used,  as  it  is  likely  to  produce  a  greater  evil  than  the 
*We  it  was  intended  to  remedy.  A  person  having  charge  of  steam 
aucbinery  should  understand  the  work  each  part  has  to  perform, 
Ihe  speed  at  which  it  runs,  and  the  weight  it  has  to  sustain, 
k-pins  and  main-bearings  require  to  be  frequently  oiled  ;  but 
condition  of  the  bearing  will  determine  the  quantity  of  lubri- 

tion  needed.    What  Is  needed  id  any  case  is  a  fev?  Atoip^  o^  ^wA 
if  appJIed  a^ea.    It  m&y  be  safely  said  that  five  t\m^a  \Jcie  o^'a.^ 
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tity  of  lubrication  is  used  ou  the  revolving  and  rubbing  surfaoa 
and  in  the  valves  and  cylinder  of  steam-engines,  that  is  actuall 
necessary. 

It  is  not  by  any  means  uncommon  to  see  ignorant  and  ioei 
perienced  persons  who  have  charge  of  steam-engines  pouring  oi 
on  cross-head  guides  and  piston-rods  every  five  minutes  duriaj 
the  day.  This  oil  is  immediately  rubbed  off  by  the  shoes  or  tb 
piston-rod  packing,  without  rendering  any  service,  which  is  l 
wilful  waste  of  the  necessary  supplies  in  their  charge,  and  has  i 
tendency  to  lessen  the  profits  of  the  establishment. 

As  an  example  of  what  may  be  done  in  the  saving  of  oil  the  fA 
lowing  examples  are  given,  taken  from  the  Vacuum  Oil  Company\ 
reports,  the  oil  used  being  their  600  W.  cylinder  oil : 

Corliss  compound,  20  and  33  x  48, 83  revolutions  per  minute^] 
drop  of  oil  per  minute. 

Corliss  triple  expansion,  20,  33,  and  46  x  48,  1  drop  in  1 
minutes. 

Porter- Allen  compound,  20  and  36  x  36,  143  revolutions  pd 
minute,  1  drop  per  minute. 

Ball,  15  and  25  x  16,  240  revolutions  per  minute,  1  drop  in  ^ 
minutes. 

Owing  to  the  difference  in  the  size  of  drops  the  actual  quantit] 
cannot  be  obtained  from  these  figures. 

On  smaller  engines,  from  50  to  75  horse-power,  one-half  pint  d 
good  cylinder  oil  for  10  hours  run  is  generally  considered  good 
An  expert  by  watching  his  engine  constantly  and  carefully  mq 
diminish  this  considerably.  A  particularly  good  example  wid 
which  the  authors  are  familiar  is  the  case  of  an  lit  x  14  Wood 
bury  engine  running  at  265  revolutions,  which  uses  one  pint  ol 
the  best  cylinder  oil,  costing  $1.00  per  gallon,  in  200  hours,  th 
drops  passing  about  once  in  four  minutes.  It  is  not  advisable  t 
try  to  bring  the  oil  consumption  down  too  low,  for  unless  dl 
engine  be  constantly  watched  the  risk  of  serious  damage  fiff  oul 
fvejffhs  the  value  of  the  possible  saving  in  oil. 
On  the  crank-pin  and  the  other  parta  oi  \ii\a  ^li^ai^^T&aj^ 
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L  coBting  50  cents  per  gallon  is  used,  the  cups  being  set  to 
apty  in  about  two  and  one-half  hours  and  dropping  at  the  rate 
f  20  per  minute.  This  oil  is  run  through  a  filter  and  then  used 
ver  and  over  again.  When  a  filter  is  used  there  is,  of  course, 
othing  to  be  gained  by  trying  to  run  with  a  very  slow  rate  of 
ropping. 

The  requirements  of  a  good  lubricant  are  the  following: 

Body  sufficient  to  keep  the  surfaces  apart. 

As  fluid  as  possible  consistent  with  this. 

Smallest  possible  friction. 

Freedom  from  all  materials  tending  to  corrode  metal. 

Freedom  from  "  gumming." 

A  high  flashing  point. 

Must  remain  fluid  at  the  coldest  temperature  to  which  it  will  be 
iubjected. 

Best  lubricants  for  different  purposes,  as  stated  by  Prof. 
Robert  H.  Thurston : 

For  very  great  pressures  with-  slow  speed,  graphite,  soapstone, 
allow,  and  greases. 

For  heavy  pressures  at  slow  speed,  lard,  tallow,  and  greases. 

For  heavy  pressures  at  high  speed,  sperm,  castor,  and  heavy 
nineral  oils. 

For  light  pressures  at  high  speed,  sperm,  refined  petroleum, 

)live,  rape,  and  cotton-seed  oils. 

For  ordinary  machinery,  lard  oil,  tallow  oil,  and  heavy  mineral 
)ils.  , 

For  steam  cylinders,  heavy  mineral  oils,  lard,  and  tallow. 

For  watches  and  delicate  mechanisms,  clarified  sperm,  neat's- 
Foot  oil,  porpoise,  olive  and  light  mineral  oils. 

Tests  of  Railway  Master  Mechanics'  Association. — In  these, 
)6  drops  of  oil  were  put  into  a  dynamometer,  which  was  run  at  35 
niles  an  hour,  until  the  temperature  was  raised  from  60°  to  200° 
Fah.  The  exact  number  of  revolutions  necessary  to  produce  this 
ihange  of  temperature  was  noted  in  each  case,  and  la  gVNeii  m  XJcw^ 
ist  column  of  the  following  table : 
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Doficriptiun  of  Oil. 


iVtorOil 

l^l^ltllno 

M«^>ni  ^blnok) 

MAnufnotuYiHl "  .4  " 

♦»               t«  fy** 
N«>«tVf\H^t 

W,  Vir^fimn 

SlKTIU 

1\^now 

N\v  I  \jsit\\ 

M«nufiKnum< "  D" 

»»  »» ji*** * 

ivnudK^t  v<vv«iti^l' 


Cost  per 
Gallon. 


11.25 
.28 
.45 
.35 
.90 
.25 
.85 
.26 
1.75 
.70 
.70 
.25 
.85 
.20 
.20 


Av 
Revo 


12 
11 

9 
9 
9 
8 
7 
7 
7 
7 
6 
6 
6 
4 
4 


Lybricitors  of  diflterent  patterns  are  made  to  serve  the  s 
rt\\um^«tt'i>i5!i  of  tin  onciuc  or  of  other  machinery.  In  g( 
howifvw.  Uioy  ^^HiKi  ho  "  surht  fed : "  the  oil  being  seec 
(Vji^iQ^*^  xJrv^p  bv  \{rv>jv  Tti?:v  <h>>ULd  be  readily  adjustable 
tiwvt  ««kI  «v^  amiii^xi  ^has  whoa  oce^  5*ci  ihe  rate  of  flow  w 
dimiiu^h  ai$  dio  ^'^t  nit^  ou:^  asid  Sk>  tbas  uio  jarriDg  of  mac 
wU<  I105  alkor  ^ro  t^xd.     Tfce  covii-e  for  stoppi 

{vo.  *;td  j^x  h  :>>*:  w>.^c  ::  b  opeaed 

<H^;n:tt  5feio  sfcat-'i  r:jiK  ^z  £?•«  mill  he 

5fe<  *vi;;i*«:  :::c  ir«tr  i^SKycc.:^.     TW  cap 

^bi^fi)  ^x  »v*  ;x*«fs<f.>i;  .::t  ^Tjwr  :>«  Taciiitff 


I 

1 
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I  when  the  engine  etope,  is  sho^rn  in  the  drawing.  When  the 
igine  ifl  at  rest  oil  etands  below  the  level  of  disk  J,  which  con- 
ma  the  hole  through  which  oil  feeds.  As  the  engine  speeds  up 
M  centrifugal  force  tends  to  throw  oil  up  against  the  top  of  the 
up,  and,  therefore,  a  pressure  is  set  up  tending  to  force  the 
il  into  the  bearing.  The  higher  the  speed  the  greater  the 
renure,  and  hence  the  greater  the  quantity  forced  into  the  bear- 
ng,  which  is  just  what  is  want«d,  as  the  friction  increases  as  the 

Cylinder  lubricators  are  geuerally  made  so  that  the  oil,  drop 
ly  drop,  is  made  to  bubble  up  through  water  before  passing  into 
<>e  steam-pipe  leading  to  the  steam-chest. 
tt  the  cut,  which  shows  one  of  the  most 
Oinraon  forms,  J  is  the  pipe  through 
'liich  oil  is  fed  to  the  main  steam-pipe, 
'  the  valve  for  regulating  the  flow  of 
■1,  A  the  oil-chamber,  I  the  glass  which 
lows  how  much  oil  is  in  the  chamber  A, 
'is  a  valve  closing  the  pipe  J,  and  B  is 

condensation  cli amber  in  which  col- 
lets condenseil  steam  coming  in  from 
le  upper  pipe.  Oil  is  put  in  through  E 
hen  W  and  C  are  closed.  J^  and  6  are 
tiw-off  cocks  for  cleaning  out  the  oil- 
t&mber  and  sighf^feed  tube.  The  ope- 
Tim  is  as  follows:  After  the  cham- 
Mr  has  been  filled  with  oil  0  is  opened  slowly,  and  when  water 
Ka  condensed  so  as  to  fill  the  sight-feed  tube  the  valve  W 
■  opened  and  the  valve  D  adjusted  to  give  tJie  feed  required, 
fccun  from  the  upper  pipe,  which  extends  almost  to  the  bottom 
r  the  oil-chamber,  condenses  and  forms  a  water-colunni  whoso 
eight  as  well  as  the  steam-pres3uro  from  B  tends  to  force  the  oil 
^vard-     A  bent  pipe  whose  upper  end  is  in  the  upper  level  of 

toil  has  its  lower  end  leading  into  the  lower  end  ot  l\\e  w^VvV 
flaaf.     Therefore,  the  pressure  of  steanj  in  the  pil>e  J  tjeni 
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to  force  the  oil  downward.  The  two  steam-pressures  are  equal 
and  opposite,  but  the  weight  of  the  watep-column  forces  oil  oul 
through  the  sight-feed  glass  and  into  the  steam-chest  and  thence 
to  the  cylinder. 

Oil  filters  are  a  necessary  adjunct  to  any  system  of  lubrication, 
and  by  their  use  the  oil  may  be  used  several  times  over  and  a 
large  amount  of  the  oil  bill  saved.  Of  the  many  varieties  one 
typical  form  is  described  and  illustrated.  In  this  filter  the  dirty 
oil  to  be  purified  is  poured  over  the  cone  y,  in  receiver  a,  where 
coarse  matter  is  arrested ;  it  then  passes  down  the  large  central 
tube  b  into  the  lower  central  compartment  rf,  where  it  is  sub- 

.mitted  to  a  gentle  heat  by  steam-pipes  x  and  a/  (these  pipee 
have  brass  circulating  tubes  iilside  so  as  not  to  become  hot-aii 
bound),  causing  the  molecules  to  separate  and  precipitate  to  the 
bottom  the  heavier  residue  matter,  such  as  dirt  or  grit  held  in 
suspension. 

The  oil,  after  being  thinned  and  lightened,  passes  up  the  tubes 
e ;  these  tubes  extend  through  the  top  of  lower  settling  compart- 
ment a  short  distance  to  prevent  particles  lighter  than  oil,  such 
as  sawdust,  waste,  etc.,  from  passing  up,  which  might  do  great 
damage  to  machine  bearings.  The  oil  passing  up  overflows  upon 
the  bottom  of  the  second  settling  compartment  ky  where  it  spreada 
out  over  a  large  area  and  permits  a  further  settling,  the  upper 
strata  of  oil  overflowing  the  tops  of  the  tubes  e',  which  are  slightly 
shorter  than  the  inflowing  ones. 

The  oil  then  passes  down  these  tubes  and  out  at  the  small  holes 
or  lower  ends  in  small  particles,  being  washed  through  the  luke- 
warm water  in  space  c,  drop  by  drop,  making  the  oil  entirdy 
clean  and  ready  for  use ;  it  then  passes  above  water  line  %  inta 
storage  space  /,  where  it  accumulates  for  use.  It  is  drawn  off  ai 
needed  through  cock  q,  or  may  be  conducted  away  by  attachin| 
pipe  at  screw-plug  p. 

New  oil,  when  subjected  to  this  process,  is  greatly  benefited 

and  js  cleansed  of  aJ J  small  particles  of  grit  or  dirt ;  new  oil  18  pii 
in  at  funnel  t,  attached  to  the  bottom  oi  t^eeiN^T  a»  "^^  «X«t-^gsa9| 
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itee  the  height  of  oil  in  tank,  and  h  the  height  of  water  in 

^hanical  filters  are  used,  auch  as  powdered  cork,  charcoal, 
)ugh  which  the  oil  is  allowed  to  percolate,  they  should  be 
<   that  it  is  very  easy  to  get  at  these  Bubstances  for  clean- 


they  get  dirty  quickly,  and  when  dirty  are  of  course  of 
ler  use  in  helping  to  clean  the  oil. 

matlc  oiling  return  systems  are  coming  into  extensive  use 
1  plants  having  many  units.  A  pipe  leads  from  a  pressure 
ung  near  the  bearings  to  be  oiled,  and  into  this  main  are 

small  pipes  ilinning  to  the  bearings.  In  each  o?  ftveafe, 
lipes  is  a  sighc-feed.  After  passing  throug\i  fee \)e«.n-Q^ 
is  coUected  into  a  return  main  which  runs  to  tVe  ^\«i« 
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After  passiDg  through  the  filter  it  runs  to  the  pressure  tank  an 
is  again  forced  through  the  oil  pipes.  Pressure  is  kept  on  tt 
tank  by  a  pipe  leading  to  the  boiler.  Another  arrangement 
with  the  oil  purifier  on  a  higher  level  than  the  bearings  and  wit 
the  pressure  tank  used  to  force  the  dirty  oil  up  into  the  fiha 
The  cut  shows  the  first  method. 


Such  an  arrangement  secures  much  more  uniform  lubricatiu 
than  with  ordinary  cups,  and  this  with  vastly  less  labor;  in  Urg 
plants  saving  the  services  of  oue  or  more  meu. 
*Oil  Separators. — Whenever  the  exhaust  steam  from  an  enpo 
is  used  for  heating  it  is  advisable  to  make  use  of  a  device  S> 
separating  from  the  steam  the  oil  coming  from  the  cylinder.*  Bad 
devices  are  called  oil  separators,  and  the  general  principle  upU 
which  they  are  based  is  to  give  the  steam  a  circular  motion  in  th 
separator,  so  that  by  centrifugal  force  the  oil  will  be  thrown  agwoi 
tlic  walls  of  the  separator  and  will  afterward  drop  down  into  I 
chamber,  from  wliich  it  may  at  any  time  be  drawn  off. 
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CHAPTER  III.        ^ 

MBASURBMBNT  OF  POWER. 

To  measure  the  amount  of  power  used  in  any  case  there  are 
many  methods  available,  the  great  majority  of  which  require 
apparatus  not  in  the  hands  of  the  ordinary  engineer.  They  will 
not  therefore  be  discussed  in  this  book,  but  the  reader  is  referred 
to  J.  J.  Flathers'  "  Dynamometics  and  the  Measurement  of 
Power,"  should  he  wish  to  study  the  sut)ject  in  detail.  Nearly  all 
measurements  desired  can,  however,  be  made  with  a  fair  degree 
of  accuracy  by  the  methods  to  be  described,  using  only  easily 
obtained  apparatus.  These  methods  are  the  Indicator  method, 
Electric  method,  and  method  of  the  Prony  brake. 

The  indicator  and  its  use  will  be  found  described  fully  in  the 
chapter  on  steam-engine  appliances.     If  we  want  to  know  what 
power  is  being  used  to  drive  a  certain  tool,  indicate  the  engine 
with. the  tool  thrown  off  and  then  with  it  thrown  on.     The  differ- 
«ice  between  the  two  powers  will  be  the  power  used  to  drive  tfie 
tool.    If  the  power  for  the  tool  is  but  small  compared  to  the 
power  without  it,  this  method  is  not  very  accurate,  it  being  simi- 
lar to  an  attempt  to  measure  the  weight  of  a  forkfull  of  hay  by 
driving  a  loaded  cart  on  a  hay-scales,  getting  its  weight,  and  then 
throwing  off  one  forkfull  and  reweighing,  and  finally  subtracting 
the  second  weight  from  the  first.     If  the  power  to  be  measured 
is  a  large  part  of  the  total  power  furnished  by  the  engine,  the 
method  is  fairly  accurate,  say  within  10  per  cent,  if  carefully  car- 
ried ©ut. 

The  electrical  method  is,  where  feasible,  the  quickest  and 
most  accurate,  as  with  good  instruments  the  readings  will  be  cor- 
J^ct  to  within  2  per  cent    If  the  machine  whose  poYJ^t  oi  ^qa\- 
suwption  i»  to  he  measured  is  already  operated  by  aiv  A^cKx\ 
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motor  direct,  all  that  is  necessary  is  to  connect  a  voltmeter  oi 
proper  range  to  the  motor  terminals,  and  an  ammeter  in  serie 
with  the  motor,  and  read  the  two  instruments.  The  product  d 
the  two  readings  divided  by  746  will  give  the  horse  power  used  bj 
the  motor  smd  tool.  Throw  the  tool  off  and  take  another  readioi 
and  subtract  the  last  measurement  of  power  from  the  first.  The 
result  is  the  power  used  by  the  tool. 

If  the  motor  is  driving  several  tools,  measure  the  power  fint 
with  all  running  and  then  throw  off  the  machine  to  be  measured 
and  get  the  power  now  required.  The  difference  will  be  tha 
power  of  the  tool.  Of  course,  as  with  the  indicator  method,  if 
the  machine  is  small  compared  with  the  others  run  with  it  bf 
the  motor,  the  measurement  will  not  be  so  accurate. 

If  the  machine  is  not  already  driven  by  a  motor,  it  is  not  dif 
ficult  to  arrange  it  temporarily  to  be  operated  by  one,  when  tb 
measurements  can  be  taken  as  above. 

Example. — With  a  direct  current  motor  driving  a  line  of  shaft- 
ing and  a  printing  press  the  following  readings  are  taken  at  inte^ 
vals  of  10 seconds.  Ammeter :  22.6, 22.0,  and  21.5  amperes.  -Vote- 
meter :  224,  222,  and  220  volts.  The  average  number  of  voltgii 
222,  and  the  average  number  of  amperes  is  22.  The  power  it 
222  X  22,  or  4884  watts.  With  the  printing  press  not  running  tto 
average  number  of  volts  is  223  and  of  amperes  10,  and  the  powtf 
is  2230  watts.  The  power  required  to  drive  the  press  is,  therefonij 
4884  less  2230,  or  2654  watts,  and  the  horse-power  is  2654-5-746b 
or  about  3i  H.  P. 

If  an  alternating  current  is  used,  it  is  necessary  to  have  a  watt* 
meter,  instead  of  the  ammeter  and  voltmeter,  as  with  stich  COM 
rents  the  product  of  amperes  and  volts  divided  by  746  does  not 
give  the  horse- power. 

The  Prony  brake  is  used  to  measure  the  power  developed  b* 

an  engine,  water-wheel,  electric  motor,  gas  engine,  etc.,  in  an 

case  where  the  power  need  not  be  transmitted  to  any  toola  c 

machines,  but  can  be.  absorbed  in  the  measurement.     It  consirt 

as  shown  In  the  sketch,  of  two  blocka  oi  ao^  >Noo^^\.\ASL%«b"\pi& 
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the  motor  to  be  measured,  and  is  so  arranged  that  by  tightening 

on  bolts  they  may  be  made  to  grip  the  pulley  more  tightly. 
of  the  blocks  has  an  extension  arm,  from  which  is  hung  a  pan 
earry  weights,  or  else  a  spring  balance,  which  is  preferable.  As 
screws  are  tightened  up  the  blocks  with  arm  and  weights 
to  be  carried  around  with  the  pulley,  but  weights  are  added 

prevent  this  and  the  arm  is  kept  balanced  in  a'  horizontal 

ition. 

Measure  the  diameter  of  pulley,  which  we  will  suppose  to  be  2 
;  the  distance  from  centre  of  shaft  to  point  of  suspension  of 
weights,  which  we  will  call  4  feet.     Notice  what  weight,  say 

pounds,  is  in  the  pan  and  also  the  number  of  revolutions  per 
dnute  of  the  pulley,  which  we  will  assume  to  be  200. 

The  principle  of  the  method  is  simple  if  we  reraenjber  the  prin- 

)k  of  moments  discussed  in  Chapter  I.,  and  also  that  the 

,                        work  in  foot  pounds  per  minute  , 

horse-power  ■= q^ono     '  ^^  equals 

force  in  pounds  X  feet  per  minute  through  which  it  is  exerted 

33000 
The  arm  is  balanced  between  the  action  of  two  forces,  one  due 
the  friction  of  the  motor-pulley 

the  block,  which  tends  to  ro- 

the  arm  in  a  direction  oppo- 

to  the  movement  of  the  hands 

a  watch ;  the  other  due  to  the 
sight  of  the  arm  and  weight  in 

pan.     We  will  for  simplicity 
wider  that  the  weight  of  the 

is  so  small  that  it  can  be  neglected.     Taking  moments  about 
ie  centre  of  the  shaft  we  have  force  of  friction  X  radius  of  pul- 

—  weight  X  distance   L,   therefore   the  force  =  — -^  -,t j 

radius 

id  this  force  is  exerted  by  the  motor,  and  is  l\ve  to\i«\  ^otq^^ 

terted  hjr  the  motor,  as  no  other  work  is  being  done  \iy  \V..    "^^^ 

iter  of  feet  per  minute  through  which  this  force  \a  exexV^^ 


Prony  Brake. 
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equal  to  the  circumference  of  the  pulley  in  feet  (3.14  X  2) 
plied-by  the  number  of  revolutions  per  minute  (200). 
The  horse-power  of  the  motor  is,  then,  from  the  test 

20X4X2X3.14  X200      100.48      ^^.  , 

rx33000 =  "W"^ ^-^^  horae-powei 

We  thus  have  the  rule : 

Multiply  6.28  by  the  weight,  by  the  length  of  lever  from 
of  shaft  to  point  of  support  of  weight,  by  the  number  of  revc 
per  minute,  and  divide  the  product  by  33,000. 

If  the  length  of  arm  be  made  5  feet  3  inches,  the  rule 
plified,  so  as  to  read,  multiply  the  weight  by  the  number  o 
lutions  per  minute  and  divide  by  1000. 

In  using  the  brake  the  surface  of  the  blocks  should  I 
gfeased.  In  special  cases,  where  this  brake  is  much  us 
pulley  is  made  hollow  and  a  stream  of  cooling  water  is  w 
run  through  it  for  the  purpose  of  carrying  off  the  heat 
developed.  As  mentioned  above,  a  spring  balance  may 
ployed  instead  of  weights.  Another  device  is  to  have  tl 
put  on  so  that  its  outer  end  tends  to  go  down  instead  of  i 
make  it  press  by  means  of  a  stiff  stick  on  the  platform  of  a 
whose  arm  is  kept  balanced  by  the  sliding  weight.  In  eil 
these  cases  the  average  weight  is  employed  in  the  calculati 

For  measuring  the  power  required  by  vehicles,  such  as  si 
railway  cars,  a  spring  dynamometer  is  used,  with  an  arranj 
for  recording  automatically  the  pull  on  the  spring  at  each 
and  the  velocity  of  the  car  as  well;  From  these  two  n 
the  power  is  calculated  in  a  manner  similar  to  the  above, 
absence  of  such  a  dynamometer  the  measurement  can  be  m 
the  use  of  a  spring-balance  and  a  watch.  The  balance  is  ii 
between  the  locomotive  and  the  vehicle  to  be  pulled,  and  r< 
taken. at  regular  intervals  of  time.  By  making  time  obser 
as  the  car  passes  points  at  known  distances  apart,  the  a 
velocitj  of  the  car  can  be  calculated,  and  this  with  the  a 
pu//  on  the  spring-balance  serves  to  ca\tu\^l^  \\xfc\iQTSfe-Y^N 


THE     engineer's     HANDY-BOOK.  81 

QUESTIONS. 

Of  what  elements  are  all  machines  made  up  ? 

What  do  machines  do  ? 

What  is  mechanics  ? 

What  is  force  ? 

What  different  kinds  of  force  exist? 

What  is  the  unit  of  force  ? 

Define  inertia. 

Give  the  laws  of  motion. 

What  is  *' perpetual  motion/*  and  why  is  it  impossible  ? 

What  are  the  different  kinds  of  motion  ? 

Define  velocity. 

What  is  the  dififerenoe  between  velocity  and  acceleration  ? 

What  is  the  relation  between  the  velocity  of  a  freely  falling 
ibody  and  the  height  from  which  it  has  hllen  ? 

Define  mass. 

What  is  the  relation  between  the  weight  of  a  body  and  its 
[mass? 

[    Is  its  weight  at  different  parts  of  the  earth  the  same  ? 
I    Is  its  mass  always  the  same? 
;     What  is  its  relation  to  force  and  acceleration  ? 

What  is  momentum  ? 

What  is  energy  ? 

How  is  energy  related  to  force? 

How  many  kinds  of  energy  are  there  ? 

What  are  some  of  the  principal  forms  of  energy  ? 

Whence  comes  all  of  the  energy  on  the  earth  ? 

State,  in  a  general  way,  the  transformations  of  energy  which 
occur  in  the  production  of  mechanical  power  by  means  of  the 
■iteam-engine. 

Can  we  create  or  produce  energy  ? 

Can  we  produce  force  ? 

What  is  power  ? 

What  is  the  di/Ierence  between  power  and  energy  *l 
DeSne  a  borse-power  ? 
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What  is  a  moment  or  statical  moment  ? 

When  two  forces  are  acting  in  opposite  directions  upon  a  p 
oted  body  how  can  we  tell  in  what  way  the  body  will  move? 

What  are  the  three  classes  of  levers  ? 

How  does  the  wheel  and  axle  differ  from  a  lever? 

With  a  single  pulley  do  we  gain  any  force  ? 

With  a  set  of  pulleys  how  is  it  that  a  large  weight  can 
raised  by  a  small  force  ? 

Give  the  rule  for  the  gain  in  force  by  using  a  wedge. 

What  other  mechanical  element  does  the  screw  resemble? 

What  are  the  principal  methods  of  transmitting  power? 

Why  is  shafting  now  made  of  steel  instead  of  iron. 

In  proportioning  shafting  what  two  requirements  must  be  fl 
isfied? 

What  are  the  advantages  of  belting  over  toothed  gears  for  1 
transmission  of  power  ? 

What  are  the  advantages  and  disadvantages  of  rubber  1x 
over  leather? 

What  is  a  common  rule  for  determining  the  width  of  belt 
transmit  a  certain  horse-power  ? 

Why  will  a  certain  size  belt  30  feet  long  transmit  more  hoi 
power  than  the  same  belt  20  feet  long  ? 

Why  do  the  rules  of  different  authorities  for  the  calculation 
width  of  belts  differ  so  much  from  one  another? 

What  advantage  has  rope  driving  over  belt  transmission? 

What  are  the  two  general  methods  of  using  ropes  ? 

What  is  the  pitch  of  a  gear  wheel  ? 

Define  the  thickness  of  a  tooth. 

Define  backlash. 

What  are  spur  gears,  and  for  what  used  ? 

How  is  pitch  measured  with  bevel  gears? 

For  what  are  friction  clutches  used  ? 

On  what  general  principle  do  they  operate? 
JV/mt  are  the  advantages  of  pnexxmalxc  \x«cci%\iiSs»\wi  of  ^i 
over  other  methods  ? 
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Why  are  air  compressors  usually  made  duplex,  or  rather  com- 

l#DQDd?  ' 

VThat  is  the  advantage  of  the  intercooler? 

Why  is  the  capacity  of  compressors  less  at  high  altitudes  ? 

For  what  are  receivers  used  ? 

How  does  the  efficiency  of  air  motors  compare  with  that  of 

ric  motors? 
Generally  speaking,  where  are  alternating  current  systems  used 
>r  transmitting  power? 
\    What  type  of  direct  current  motor  is  generally  required  for 
driving  tools? 

What  is  the  advantage  of  using  a  500-volt  system  rather  than 
1 220-volt  system  ? 
What  disadvantages  occur  to  you? 

What  requirement  determines  the  size  of  wire  connecting  gene- 
lator  and  motor  ? 
When  several  motors  are  supplied  by  one  generator,  is  the 
erator  size  necessarily  equal  to  the  sum  of  the  motor  capaci- 
? 

For  what  purpose  is  a  lubricant  used  ?  ^ 

What  are  the  requirements  for  a  good  oil  ? 
Describe  an  oil  filter. 

What  is  an  oil  separator,  and  on  what  principle  does  it  operate  ? 
Describe  a  system  for  automatic  oiling. 
What  are  the  common  methods  of  measuring  power  ? 
Wliich  is  the  most  accurate  ? 

What  instruments  are  needed  in  the  electrical  method,  using 
direct  currents  ? 
Are  these  suitable  when  alternating  currents  are  used  ? 
Describe  the  Prony  brake  and  its  use. 
What  is  the  usual  length  of  the  lever  arm,  and  why  ? 
What  is  a  dynamometer? 

For  what  purpose  is  a  spring  dynamometer  used  ? 
,f  I  How  is  the  motion  of  a  body  down  an  inclined  plane  c8XQ\3\«X.e^'^ 
/ 
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W  hat  is  the  unit  of  work  ? 

What  are  the  six  mechanical  elements  ? 

Give  the  rule  for  finding  the  diameter  of  a  shaft  to  transmilp 
certain  number  of  horse-power  at  a  certain  speed. 

What  is  the  objection  to  having  belts  run  vertically  ? 

What  is  the  rule  for  determining  the  length  of  an  open  beitf 

What  is  the  rule  for  a  crossed  belt  ?  ^ 

How  would  you  measure  the  length  of  a  belt  coiled  up? 

When  idlers  are  used  in  rope-driving  what  precautions  shoal 
be  taken  in  arranging  them  ? 

At  what  speeds  do  the  ropes  ordinarily  travel  ? 

How  would  you  find  the  diameter  of  a  driven-pulley  to  run 
certain  speed,  if  you  have  given  the  diameter  and  number 
revolutions  of  the  driver? 

What  is  the  rule  for  finding  the  number  of  revolutions 
driven  pinion  when  the  number  of  revolutions  of  the  dri^ 
given  and  the  number  of  teeth  in  each  wheel? 

How  is  the  pressure  in  a  pneumatic  transmission  regulated  f 

Give  some  figures  showing  the  number  of  cubic  feet  of  air  u^ 
by  air-motors  for  each  horse-power-hour.  ^i 
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HEAT,  FUEL,  GASES,  WATER,  AND  STEAM. 
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CHAPTER  IV. 


irding  to  the  dynamical  or  mechanical  theory,  heat  is  the 
It  of  motion  among  the  atoms  of  matter,  or,  as  it  may  be 
wise  stated,  of  inter-atomic  movement;  and  this  motion  is 
Ae  of  being  propagated  through  space,  from  one  body  to 
ler,  by  undulations  of  a  so-called  ether  assumed  to  be  every- 
existent  in  the  universe. 
|The  relative  effect  of  such  heat  producing  motion,  or,  in  other 
wds,  the  relative  proportions  of  heat  required  to  cause  given 
fects,  may  be  accu^atjely  indicated  by  numbers,  just  as  if  heat 
ere  a  ponderable  agent ;  and  it  is  usual  to  speak  of  heat  as  if  it 
ere  an  independent  material  substance :  thus,  it  is  said  to  be 
rolved,  or  emitted,  radiated,  conducted,  absorbed,  and  stored  up, 
'  accumulated.  As  a  variable  amount  of  the  heat  evolved  in 
e  combustion  of  a  body  is  absorbed  in  the  work  of  effecting 
terations  in  the  physical  condition  of  the  combustible  elements 
loessary  to  their  effective  oxidation,  it  is  impossible  to  estimate 
e  absolute  quantity  of  heat  evolved  by  the  combustion  of  a 
rfy;  yet  the  relative  quantities  of  heat  evolved  by  the  cora- 
iBtion  of  different  bodies  which  may  be  utilized,  can  be  accurately 
Hermined. 

One  of  the  remarkable  effects  of  the  application  of  hea.t,  io 
teer  is,  that  the  same. amount  will  affect  equal  we\^\\t%  oi  v^v^- 
yjar  kinds  In  different  degrees.     Thus,  the  amount  oi  \\^a\.  \!tv«A. 
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will  raise  1  lb.  of  water  from  100^  to  200^  Pah,  will  raise  30 
of  mercury  through  the  same  range.  The  amount  that  will  x 
1  lb.  of  water  I*',  will  raise  14  lbs.  of  air. 

The  capacity  of  a  body  for  heat  is  termed  its  specific  heat, : 
may  be  defined  as  the  number  of  units  of  heat  necessary  to  T) 
the  temperature  of  1  lb.  of  that  body  I*'  Fah. 

The  thermal  unit,  or  unit  of  heat,  as  it  is  termed,  is  the  qu 
tity  of  heat  that  will  raise  1  lb.  of  pure  water  I*'  Pah.,  or  fi: 
89^  to  40^  Pah. 

Temperature  is  a  measure,  not  of  the  amount  of  heat  in  a  bo 
but  of  its  tendency  to  give  up  its  heat  to  other  bodies.  Then 
the  same  difference  between  temperature  and  heat  as  exi 
between  pressure  and  work  or  energy.  Heat  corresponds 
and  is  a  form  of  energy.  Temperature  corresponds  to  preas) 
or  force.  Two  bodies  may  be  at  the  same  temperature  fl 
yet  possess  very  different  quantities  of  heat.  For  example 
cubic  inch  of  iron  and  a  cubic  foot  of  iron  may  both  be  put 
the  same  oven,  and  after  remaining  there  for  a  considerable  ti: 
they  could  both  be  at  the  same  temperature.  The  hand  pUl 
on  each  would  feel  that  both  were  equally  hot,  and  a  themip 
eter  laid  on  each  would  give  the  same  reading,  and  finally^ 
they  were  placed  so  as  to  touch  neither  would  give  any  heat 
the  other.  But  the  cubic  foot  has  1728  times  as  many  units 
heat  as  has  the  cubic  inch,  as  could  be  proved  by  putting  I 
cubic  foot  in  a  tub  of  water  containing  1728  pounds,  and  \ 
cubic  inch  into  a  tub  containing  one  pound.  The  rise  in  te 
perature  would  be  the  same  in  the  two  tubs.  That  is,  the  cal 
foot  raises  the  temperature  a  certain  number  of  degrees,  of  17 
times  as  much  water  as  does  the  cubic  inch ;  it  has  therefore  17 
times  as  many  heat  units. 

The  thermometer  is  the  instrument  used  for  measuring  te 

peratures,  and  it  depends  upon  the  principle  that  liquids  exptt 

under  the  action  of  heat.     While  for  a  standard  use  is  madci 

t/2e  air  thermometer,  yet  for  comraou  use  the  mercury  thermmnrf 

Js  employed.     It  consists  of  a  \>uVb  aiid  ^«fia  «Xfcm  ^i  xuBsftl 
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« 

A  sufficient  quantity  of  mercury  haying  been  introduced, 
)iled  to  expel  the  air  and  moisture,  and  the  tube  is  then 
ically  sealed.  The  properties  of  mercury  which  render  it 
ble  to  all  other 'liquids  are  these:  it  supports,  before  it 
lore  heat  than  any  other  fluid,  and  endures  a  greater  cold 
ould  congeal  most  other  liquids. 

The  standard  points  are  ascertained  by  immers^ 
ing  the  thermometer  in  melted  ice  and  in  the  steam 
of  water  boiling  under  the  pressure  of  14'71bs.  on  the 
square  inch,  and  marking  the  positions  of 
the  top  of  the    column.    The  interval 
between  those  points  is  divided  into  the 
proper  number  of  degrees, — 100  for  the 
Centigrade  scale,  180  for    Fahrenheit's, 
and  80  for  Reaumur's. 

The  word  "zero"  is  of  Arabic  origin, 
and  means  empty ;  hence  nothing;  Ab- 
solute zero  is  a  temperature  which  is  fixed 
^^  by  reasoning,  although  no  opportunity 
HnB  ever  occurs  for  observing  it.  It  is  the 
temperature  corresponding  to  the  disap- 
pearance of  gaseous  elasticity;  or,  in 
other  words,  the  point  where  gas  would 
become  a  solid,  as  where  water  becomes 
ice.     This  temperature  is  called  zero  in 

otweU     reference  to  all  the  eases,  and  the   Jp^^  Uptake 
\mAf^i*  Thermozneter 

positions  01  the  absolute  zero  on  the 

ry  scales  would  be 

eaumur's  scale    .        .        .        .        .219*2  beloi^  0° 

3ntigrade 273.1 

ahrenheit 461-22 

)8  for  Comparing  Degrees  of  Temperature  Indicated  by  Dif 

Tliermometers.     1.  Multiply  degrees  of  Centigrade  by  9  and 

by  5;  or  multipfy  degrees  of  Keaumur  by  9  and  dimdeV^  ^. 

2  io  the  quotient  In  either  case,  and  the  sum  \s  degte^^Av 


(( 


(( 
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renheit  2.  From  degrees  of  FahreDheit  svhtract  32 ;  multiply  i 
remainder  by  5,  and  divide  by  9  for  degrees  Centigrade ;  or  m\ 
tiply  by  4,  and  divide  by  9  for  degrees  Reaumur.  The  abbrevi 
tion  for  Fahrenheit  is  "  Fah."  or  *'  F." ;  for  degree,  °. 


Table  for  changing  from  Centigrade  to  Fahrenheit 

Degrees. 


•p 

HH 

•P 

•C 

op 

«0 

•P 

•C 

-46 

-40 

194 

90 

428 

220 

662 

850 

-81 

-85 

208 

95 

437 

225 

671 

855 

-22 

-80 

212 

100 

446 

230 

680 

860 

-18 

-^26 

221 

105 

456 

235 

689 

865 

■ 

-  4 

-20 

230 

110 

464 

240 

698 

870 

5 

-15 

889 

115 

478 

245 

707 

375 

14 

-10 

248 

120 

482 

250 

716 

380 

23 

-  5 

257 

125 

491 

255 

725 

885 

52 

0 

266 

130 

500 

260 

734 

890 

41 

5 

275 

135 

509 

265 

748 

395 

50 

10 

284 

140 

518 

270 

752 

400 

59 

15 

293 

145 

627 

275 

761 

405 

68 

20 

302 

150 

530 

280 

770 

410 

•77 

25 

811 

155 

545 

285 

779 

415 

86 

SO 

320 

160 

654 

290 

788 

420 

95 

35 

329 

165 

563 

295 

797 

425 

104 

40 

838 

170 

672 

800 

806 

480 

• 

113 

45 

847 

175 

681 

305 

815 

486 

122 

60 

856 

180 

690 

310 

824 

440 

,* 

131 

65 

865 

185 

599 

315 

838 

445 

*  .'. 

140 

60 

374 

190 

608 

320 

842 

450 

* ' 

149 

€5 

888 

195 

617 

325 

851 

455 

158 

70 

392 

200 

626 

330 

360 

460 

'.-• 

1«7 

75 

401 

205 

635 

335 

869 

466 

.  • 

176 

80 

410 

210 

644 

340 

878 

470 

185 

85 

419 

215 

653 

845 

887 

471 

" 

Fop  temperatupes  intepmediate  between  the  values  in  theahfy 
table  proceed  as  follows :  Suppose  we  want  to  know  what  la 
])erature  Fahrenheit  corresponds  to  92°  C. 

From  tlie  table  above,  90°  C.  corresponds  to  194°  F.  .^ 

"     below,  2°  C.  "  3.6°  F.- 


Adding,  we  have 92°  C. 


(t 


\^l&^^i 
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m^oae  we   want   to  know  nhat  temperature  centigra<M 
iponds  lo  -  32°  F.  or  32°  below  zero.  ■ 

om  the  table  above,  -  31°  F.  corresponds  to  -  35"  C.  I 

"     below,        I*'  F.  '■  .555"  C.    i 

btracting,  we  have  -  32°  F.  "  -  34.445°  C.    1 

iHivalent  Values  of  Fahrenheit  snd  Centigrade  Degrees. — '  \ 


I 


C.  =  1.8°  F. 
2°  0.-3.6°  P. 
3°C.-5.4°F. 
4°C.  =  7.2°F. 


1°  F.- 0.555°  C. 
2°F.  =  1.111°C. 
3°  F.- 1.667°  C. 
4°F.  =  2.222°C. 
5°  F.  -  2.778°  C. 
6°  P. '  3.333°  C. 
7°  F.  =  3.889°  C. 
8°F.=4.444''C. 
9°  F.  -  5.000°  C. 
-The  ordinary  mercury  thermoiiK 
8  not  capable  of  recoiiliiig  the  rise  and  fall  of  the  mercury 


Hording  Thermometers.' 


I 
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column,  so  that  in  recording  instruments  the  expansion  oi 
ur  ehajte  of  a  metal  tube  is  emplojed  instead  of  mercui 
motion  due  to  expansion  is  multiplied  so  as  to  give  the  : 
considerable  movement  for  a  very  slight  change  in  the  i 
the  tube.  The  cut  illustrates  one  form  of  this  instrumen 
is  made  like  a  eteam-gaugt 
coiled  hoUon  spring  carry) 
pointer  is  connected  by  a  pipi 
coiled  tube  placed  at  the  poii 
temperature  it  is  desired  to  i 
The  tube  is  filled  with  alco 
if  the  coil  D  is  heated  the  ale 
pandiog  puts  an  increased  pre 
the  hollow  coil  in  the  instrun 
increases  the  reading  of  the 
The  record  is  made  by  a  spei 
cvrying  fluid,  which  rests 
paper  dial  carried  on  a  met 
which  is  made  lo  turn  by  i 
work.  The  dial  being  market; 
hiHiM  and  i«rta  of  hour*,  the  irai-ings  of  the  pen  give,  j 
i>f  the  variaiixu  of  ien)|H'raturv  ibrvHighoui  ihe  day. 

Pyrom*t«ra  »rv  iusimments  u#«>i  tor  measuring  ve 
uui|vraturxw,  *uch  lu  tilX^"  F.  anii  upward,  the  mercu 
iiionit'tfr  n^^  Iviuj;  available  niuoh  aK»ve  tftV  F„  as  thi 
ii.uii»ii  [viiut  in  tiT.'*-"  P.  The  Cb.atelifr  pyrometer  is 
itiotil  %'iri-iiil.  H  iuiK-litui  i^t  ylAiln-^nv  ai:d  iridium,  eonti 
:i!i  i(v»  mln-,  Tho  tulv  i*  ihri:sc  ;:;to  the  place  whose 
tuiiv  it  i>  dt'»iu>.l  lo  iitoasu:v.  »v>i  :r:c'  -.lavlion  attains 
ivimuvv  ol'  i!u-  j'ta.v,  I'bi*  i-a-MTf  s;;  i;\-vt.'ic  pressure  t 
o[>  in  iK-  .iiviiii  i'i\>is>i[;oi!aI  :.•  ■.:■.,■  :L!;:rxrature,  and  tl 
MiTi-  u  nu\iMiii\l  oil  :t  ii;i'.t;i::^-::-.  :ir  ::-.  :h«  circulL  The 
iui>iit  h»\ius  pi\'\io»uii>  N.VII  '.v>;is:  :;;  a  ;<;.-::peratDre  wii 
n»^<)>  tit  a  atNiiitaid  |hi-vit:o:!ii-U  r  .iv..'.  :hi'  reading  of  the  f 
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reading  of  the  galvanometer  at  any  time  with  its  standard  read- 
will  give  the  temperature  of  the  chamber  in  which  it  is  placed. 
rolor  is  a  rough  indication  of  temperature.  For  example,  in 
ting  up  a  bar  of  iron  it  commences  to  show  color  at  about 
K)°  F.,  it  is  cherry-red  at  about  1700^  F.,  orange  at  about 
)0°  F.,  and  white  at  about  2500*'  F. 

The  effect  of  the  application  of  heat  to  a  body  is  to  expand  it 
Lcept  in  the  case  of  a  few  substances,  like  water,  at  certain  tem- 
ratures  near  their  point  of  solidification],  and  the  amount  of 
pansion  for  each  degree  rise  in  temperature  is  quite  regular 
id  is  called  the  coefficient  of  expansion.  Gases  expand  ^^  of 
eir  volume.at  32*^  F.  for  each  degree  F.  of  rise  in  temperature, 
id  it  is  for  this  reason  that  the  idea  of  an  absolute  zero  of  tem- 
srature  has  arben.  For  gases  of  course  contract  j^  of  their 
>lume  for  each  degree  the  temperature  falls.  There  would  be 
en  such  a  temperature  that  the  volume  would  be  zero  and  this 
inperature  is  called  the  absolute  zero,  it  being  492*^  F.  below 
Bezing  point,  or  -  460°  F. 

For  solids  the  linear  coefficient  of  expansion  or  increase  in  length 
r  one  degree  rise  in  temperature  is  usually  of  more  value  than 
e  change  in  volume  or  cubical  expansion.  The  cubical  expan- 
m  equals  three  times  the  linear  expansion. 

Coefficients  of  Linear  Expansion  of  Solids. 

»"'''""" "j^l   Masonry,  brick |   "S?^ 

M8,  cast 0000096  "^^  I    .OOOOOoO 

"     plate 0000105    Plaster,  white 0000092 

Platinum 0000048 

Porcelain 0000020 

•ncrete 0000080  I  ^^i^ver 0000108 

pper 0000089    Slate 0000058 


onze 0000099 

ment,  Portland 0000059 


;,  flint 0000045    Steel,  cast 0000064 

)ld 0000079       "     tempered 0000069 

on,  wrought ,....  .0000065    Stone,  sandstone 0000065 

«    cast 0000056   '^'^ 0000116 

iad 0000157    Wood,  pine .OQWiQ^^ 

KTh]a  betfFeen  /     -000030  h'^inc .^WSVA\ 

arbJ^  betfFeen. ^     .000080 1 
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Coefficients  of  Cubical  Expansion  of  Liquids. 


Alcohol 00061 

Benzine 00077 

Carbon  bisulphide 00082 

Ether 00012 

Hydrochloric  acid 00027 

Mercury 00010 


Nitro-benziue < 

Olive  oil <^ 

Petroleum,  sp.  gr.=  85 < 

Salt  water,  1.6  p.  c.  solution...  .< 

Sulphuric  acid < 

Turpentine * 


Melting  Poinds  of  Solids. 
Owing  to  the  difficulty  of  accurately  determining  the  i 
moment  of  melting  the  values  given  by  diiSerent  observers  ^ 

Those  in  the  table  are  an  average  of  the  best  results. 

Aluminum 1160**F. 

Antimony 815 

Bismuth * 515 

Brass,  yellow 1850 

Copper 2000 

Gold 1975 

Glass 2380 

Iridium 3940 

Iron,  pure 2975 

*'    white  pig 1970 

"    gray 2190 

Lard 95 

Lead 620 

Mercury —  37.3 


Nickel 27 

Pitch 

Platinum 31 

Silver , 17 

Spermaceti 1 

Steel : 24 

Stearine 1 

Stearic  add 1 

Sulphur 2 

Tallow.. 

Tin 4 

Zinc 7 

Wax 1 


Boiling  Points  of  Liquids  at  Atmospheric  Pressuse 


Acetic  acid 248*>F. 

Alcohol 173 

•  "      wood 151 

Ammonia,  liquefied -  37.3 

"  water 140 

Benzine 177 

Chloroform 142 

Carbon  hisulphiile 118 

Coal  tar 825 

Ether 96 

Glrcerin 554 

Hj^drochloric  acid  (sol.) 230 


I 


Linseed  oil 6 

Mercury 6 

Naphtha 1 

Nitric  acid 1 

Petroleum,  refined 3 

Sulphur 8 

Sulphuric  acid 6 

Turpentine 3 

Water,  pure 2 

sea 2 

saturated  brine 2 


<( 
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The  temi^erature  at  which  boiling  takes  place  rises  if  the  pressure 
d  and  is  less  if  the  pressure  is  less,  so  that  on  high  mountains,  as, 
e,  10,000  feet  above  sea  level,  the  boiling  point  of  water  is  193°  F. 
peaking  water  boils  at  1°  less  for  every  rise  in  height  above  sea 
)0  feet 

lechanical  equivalent  of  heat  is  the  amount  of  work  per-    ' 
yj  the  conversion  of  one  unit  of  heat  into  work,  and  the 
al  theory  of  heat  is  based  on  the  assumption  that  heat 
L  are  mutually  convertible. 

ethod  by  which  the  mechanical  equivalent  is  determined 
simple.  A  centrifugal  churn  is  turned  by  an  electric 
le  churn  being  jacketed  with  non-conductors  of  heat,  so 
least  possible  heat  is  carried  off  by  the  outside  air.  A 
umber  of  pounds  of  water,  say  50,  are  put  in  the  chum 
temperature,  which  we  will  suppose  to  be  60°  F.,  is  care- 
Eisured.  At  a  certain  time  the  motor  is  started  and  run, 
ainutes,  the  amperes  1.628  and  volts  100  being  carefully 
id  also  the  temperature  at  the  end  of  the  60-minutes'  run, 
3  will  suppose  to  be  70°  F. 
)ower  delivered  to  the  motor  is  1.628,  x  100  Watts,  or 

^  =  H.  p.  As  the  work  in  foot£0|^rmin,^  ^^ 

the  number  of  foot  pounds  of  energy  given  to  the  motor 
432222,  and  if  the  efficiency  of  the  motor  is  90  per  cent. 
ry  in  foot  pounds  given  to  the  water  in  the  churn,  and  all 
leating  it,  is  90  per  cent,  of  432222  or  389000.  This  heat 
)  pounds  of  water,  10°  F.,  and  therefore  500  heat  units 
>duced,  which  were  the  exact  equivalent  of  the  389000 
ids  supplied  the  churn.  Therefore  the  mechanical  equiva- 
ae  heat  unit  is  889000  -^  500,  or  778  foot-pounds  of  work. 
B,  in  the  many  experiments  which  have  been  carried  on  to 
e  the  value  of  the  mechanical  equivalent  great  refinements 
Bthods  have  been  introduced  which  do  not  Yia.\e  «itv^  ^\«iQfc 

msference  of  heat  from  one  body  to  anotYier  taVea  ^Vbw 
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in  three  different  ways — by  radiation,  convection,  and  by  a 
duction. 

Radiation  is  transmitted  in  the  same  manner  as  light  by  settu 
up  wave  motions  in  the  "  aether  "  which  pervades  all  space.  Hi 
radiation  is  propagated  in  straight  lines  just  as  with  light, 
like  it,  can  be  reflected  and  refracted.  In  fact,  radiant  heat 
fers  only  from  light  in  that  the  number  of  wave  fronts  pi 
given  point  in  one  second  is  much  less  than  in  the  ease  of 
The  time  in  which  a  heated  body  will  give  up  its  heat  dependil 
the  nature  of  the  body  and  the  state  of  its  surface,  rou^ 
blackened  surfaces  radiating  heat  much  more  quickly  than 
and  smooth  ones.  The  following  table  gives  the  radiating  poi 
of  several  substances  with  water  taken  as  the  standard. 

Relative  Radiating  Powers  of  Differeint  Substakcebl 


Water 100 

Lampblack ,. 100 

Writing  paper 100 

Glass 90 

India  ink 88 

Bright  lead 19 

Silver ^ 12 


Blackened  tin 

Clean  tin 

Scraped  tin 

Ice 

Mercury 

Polished  iron , 

Copper 

The  better  reflector  a  body  is  the  worse  radiator  it  is,  th< 
steam  pipes  should  be  polished  and  kept  bright,  or,  if  oo^ 
should  be  painted  white. 

Convection  of  heat  is  the  transfer  and  diffusion  by 
the  actual  motion  of  particles  of  a  body,  and  can  only  take 
in  liquids  and  gases.     If  a  hot  piece  of  iron,  for  example,  is 
pended  in  air,  part  of  its  heat  is  transferred  by  radiation, 
the  rest  by  convection.     The  particles  of  air  next  to  the  iron 
heated  by  direct  contact  or  conduction  and  tend  to  rise,  aU< 
cooler  particles  to  take  their  place.     These  in  turn  are  heated  i 
replaced  by  others.     In  this  way  currents  of  air  are  set  up, 
convection  currents,  which  gradually  carry  away  .the  heat<tf' 
jron  and  diffuse  it  equally  throughout  the  room. 
Conduction  of  heat  takes  p\aceN<jWii  ?c\io^^S&^%««iLVDL 
contact  with  a  hotter  body.     TlieYveat  \aUwDai«tt^\ft^^ 
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diffiised  over  it  until  all  parts  of  it  attain  the  same  tem- 

The  time  required  for  this  to  take  place  depends  on  the 

the  body  and  is  a  measure  of  its  conducting  power  for  heat. 

Relative  Condugting  Power  of  Metals. 


100 

75 

55 

I 36 

31 

21 

ron 20 


Iron,  cast 16 

Tin 16 

Steel,  soft *.  11 

Lead 8 

Platinum 8 

Antiijiony 4 

Bismuth 1.8 


?ive  Conducting  Power  of  Different  Materials. 

ate 100 

e   .        .        .        .        .        .        .        .        .  71-95 

:k 61-70 

Ik 66 

m .        .        .  45 

3d 33-66 

od  ........  27-61 

d  Plaster 25*55 

of  Lime 20*26 

of  Lime  and  Sand 18'70 

sheSy  Shavings,  Hay,  and  Straw     .         .         .     25-85 

and  Tan-Bark  (fine) 17-20 

Wood  or  Asbestos,  cemented  ....     18-20 

>estos,  in  thread 13-15 

rdered  Charcoal 14-16 

Mineral  Wool,  Hair-Felt,  Cat-Tail,  etc.        .     10-13 
ineral  Wool,  Raw  Silk,  Cotton,  etc.,  quite  loose       8-10 
cting  Power  of  Various  Substances. — The  matter  of 
;  a  good  non-conductor  of  heat  is  of  the  greatest  im- 

in  connection  with  pipe  coverings.     Extensive  experi- 
ade  by  Prof.  Ordway  for  the  Boston  Manu?ac\.\XTeti 
Fire  Insurance  Company  are  summarized  in  l\\e  ioWorw- 
wliere  the  £rst  column  of  figures  gives'  a  comipanawu 
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of  the  relative  value  of  materials.  The  first  nine,  while  i 
lent  non-conductors,  are  unsuitable,  as  they  are  liable  to  be 
carbonized  and  ignited  from  contact  with  hot  pipes. 


Substance  1  inch  thick.    Heat  applied,  810°  F. 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 


Loose  wool 

Live-geese  feathers 

Carded  cotton  wool 

Hair  felt 

Loose  lampblack 

(k)mpressed  lampblack 

Cork  charcoal 

White-pine  charcoal 

Anthracite-coal  jwwder 

Loose  calcined  magnesia 

Compressed  calcined  magnesia 

Light  carbonate  of  magnesia 

Compressed  carbonate  of  magnesia. 

Loose  fossil-meal 

Crowded  fossil-meal 

Ground  chalk  (Paris  white) .*. 

Dry  plaster  of  Paris 

Fine  asbestos 

Air  alone 

Sand 

Best  slag  wool 

Paste  of  fossil  meal  with  hair 

"  "  '•     asbestos... 


iJfe 

*^^  ^A           — * 

oundR  of  Wa 
heated  10° 
per    hour, 
through    1 
square  foot. 

matter 
are  foo 
thick. 
In  100( 

olid 
1  squ 
incn 
parts 

fu 

QQ 

8.1 

56 

9.6 

60 

10.4 

20 

10.3    . 

185 

9.8 

56 

10.6 

244 

11.9 

58 

13.9 

119 

85.7 

506 

12.4 

28 

42.6 

285 

18.7 

60 

15.4 

150 

14.5 

60 

15.7 

112 

20.6 

258 

80.9 

868 

49.0 

81 

48.0 

0 

62.1 

627 

13. 

16.7 

22. 

Cooling  of  Liquids  and  Solids. — ^The  quickness  with  whi< 
solid  body  cools  in  a  liquid  is  approximately  the  same,  whc 
it  be  placed  near  the  surface  or  near  the  bottom.  It  is  di{ 
less  when  the  body  is  brought  immediately  under  the  sur 
The  nature  of  the  external  surface  of  the  cdbling  body  haa 
little  influence.  The  velocity  of  cooling  increases  very  com 
ably  for  the  same  body  immersed  in  the  same  liquid  with  in« 
ing  temperature  of  the  latter.  If  the  cooling  power  of  wat( 
taken  at  1 ,  that  of  alcohol  is  equal  to  0.56 ;  mercury,  2.07 ; 
phate  of  copper,  1.03,  and  comriion  salt,  1.05. 

Latent  Heat. — When  heat  is  applied  to  a  liquid  its  temj 

ture,  as  indicated  by  a  thermometer  suspended  in  it,  rises stea 

and  the  product  of  its  rise  in  lemi^exatxiTfe  inxi\\Iv^\»i  b^  its 

CJJ^c  beat  will  'equal  the  number  oi  ^^at  xirnX^  o^^^V^*-^ 


HEAT  OF  VAPORIZATION. 
965. 

376. 
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iches  a  point  where  vapor  is  given  off,  and,  although  heat 
eing  added  to  it,  the  temperature  no  longer  rises,  but 
:onstant  till  all  of  the  liquid  has  been  changed  into  vapor. 
;  which  goes  to  change  the  state  of  the  substance  from 

liquid  to  that  of  a  gas,  and  which  does  not  show  itself  on 
mometer,  is  called  latent  heat.  After  all  the  liquid 
to  vapor  any  further  addition  of  heat  raises  the  tempera- 
he  vapor. 

itent  heat  of  vaporization  of  any  substance  is  the  number 
in  its  needed  to  change  one  pound  of  the  substance  from  a 

a  gaseous  condition  at  a  given  atmospheric  pressure. 

Ether 164. 

Acetic  acid 162.8 

Carbon  disulpbide 150.8 

Turpentine 133. 

Mercury , 111.6 

I  Heat  of  Fusion.— When  a  solid  is  heated  a  similar 
ccurs,  the  temperature  rising  till  the  melting-point  is 
and  after*  that  remaining  constant  till  all  is  melted, 
ich  it  rises  again  if  heat  is  still  added.  The  heat  neces- 
cbange  one  pound  from  the  solid  to  the  liquid  state  at 
eric  pressure  is  called  the  latent  heat  of  fusion.  The  table 
5  values  of  the  latent  heats  for  several  substances  at  a  press- 
ue  atmosphere : 

Castiron 41.4 

Silver 37.9 

Tin 25.7 

Bismuth 22.7 

Sulphur 16.8 

Lead 9.7 

Mercury 5.1 

leat  of  the  liquid  at  any  temperature  is  the  number  of 
its  required  to  raise  one  pound  of  the  substance  from 
;ing-point  to  that  temperature. 

otal  heaf  at  any  temperature  is  the  sum  of  l\ve\ie«t\.  Oii^^ 
that  temperature  plu$  the  latent  heat  of  vaifOtiiaAAOU, 
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175. 

ti 

148. 

142.6 

97.2 



50.6 

48.9 
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CHAPTER  V. 


COMBUSTION  AND  PUBLS. 

Combustion  is  a  subject  of  interest  to  the  engiaeer,  mani 
turer,  and  individual,  and  must  ever  continue  to  be  so,  while 
steam-engine  is  used  as  a  motive  power,  and  so  long  as 
heat  is  employed  for  manufacturing  and  domestic  purposei;' 
well  as  for  the  preservation  of  animal  life.     This  subject  has 
heretofore  received  that  consideration  which  its  importance  in  I 
economical  point  of  view  so  eminently  deserves.     This 
part,  from  the  lavish  hand  with  which  a  bountiful  Nature  hasi 
plied  us  with  minerals,  woods,  and  cereals,  and  the  close 
imity  of  the  source  of  supply  to  the  avenue  of  demand;  buti 
increase  of  population  and  demand,  and  the  diminution  in  sa] 
are  making  the  examination  of  the  subject  an  imperative 
sity.     It  is  quite  common  to  see  in  the  neighborhood  of 
facturiug  establishments,  and  even  households,  splendid  lumpil 
the  finest  qualities  of  anthracite  coal,  nearly  pure  carbon,  IjiHf  j 
the  highway,  to  be  forced  into  the  ground  by  the  pressure  of  1 
or  wheel,  and  after  rain   storms   dumping-grounds  glistea 
kernels  of  coal  that  have  never  been  exposed  to  the  fire, 
are  as  fine  as,  and  in  many  respects  superior  to,  that  which  has  I 
placed  in  the  furnace.     The  same  thing  may  be  said  of  oil, 
waste,  piston-rod  packing,  etc. ;  but,  as  the  cost  of  material  hrf] 
be  paid  out  of  the  profits  of  production,  such  carelessness  ib 
erally  followed  by  retributive  justice;  and  the  old  adage  wf 
says  "  that  a  wilful  waste  is  generally  followed  by  a  woeful  wi 
is  sooner  or  later  realized. 
Combustion  is  the  result  of  cheimcaY  ^\\ftx^\\oTka  of  a  vio 
character,  and  the  heat  thus  evolveA  \»  m^xeVj  ^\i  va<sA<!SC^^'?i^ 
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»ion  of  a  vehement  combination  of  various  materials.  In 
)U8tiony  the  carbon  and  oxygen  have  so  great  a  chemical  af- 
Y  for  each  other,  that  they  rush  violently  together,  and  by  the 
3  of  their  combustion  produce  instant  heat.  Other  substances 
e  an  affinity  for  oxygen  and  burn  freely  in  it,  such  as  hydro- 
,  sulphur,  chlorine,  and  the  various  hydrocarbons,  as  marsh 
,  illuminating  gas,  acetylene,  etc.  Combustion  is  rapid  oxida- 
1  accompanied  by  flame  or  fire. 

"Ire.  —  Fire  is  one  of  the  oldest  chemical  phenomena.  Its  dis- 
'ery  was  one  of  the  greatest  boons  conferred  on  mankind,  as 
h  it  arose  sociability,  the  family  joys  of  the  domestic  hearth, 
industries  and  arts,  together  with  the  wonders  they  have  pro- 
oed,  and  still  produce  from  day  to  day.  Hence,  we  can  readily 
derstand  how  it  is  that  fire  has  ever  been,  and  still  is,  among 
tioDs  the  object  of  a  special  worship  (priests  of  Baal,  Gebers, 
bdoos,  Brahmans,  etc.),  and  has  often  figured  in  the  religious 
fiinereal  rites  of  nations  most  remote  from  each  other,  both 
time  and  space,  as  the  Chaldees,  Hebrews,  Greeks,  Romans, 
sruvians,  Mexicans,  etc.  But  how  and  when  this  great  discovery 
te  made,  in  the  absence  of  which  we  can  hardly  conceive  of  the 
wsibility  of  human  arts,  or  even  of  human  existence,  is  un 
K)wn. 

Flame.  —  Flame  is  gas  or  vapor,  of  which  the  surface,  in  con 
ct  with  the  atmospheric  air,  or  other  supporter  of  combustion, 
Una  with  the  emission  of  light.  The  luminosity .  of  flame  is 
Qerally  admitted  to  be  caused  by  the  presence  of  particles  of 
lid  matter  within,  or  in  immediate  contact  with,  the  gas  in  active 
mbustion. 

Smoke.  —  Smoke  is  the  product  of  imperfect  combustion,  caused 
ier  by  a  want  of  oxygen  or  a  want  of  temperature.  Bitu- 
bious,  coal  contains  from  5  to  6  per  cent,  of  hydrogen,  which 
utes  with  the  oxygen  necessary  to  combustion,  and  constitutes 
Iter.  A  ton  of  bituminous  coal  will  make  nearly  one-t»\\\id  o^ 
Ion  of  water  m  the  form  of  ste&m.  That  this  ateaxtv  \^  \A«jfi^, 
38  not  neceaaarily  indicate  the  presence  of  muc\i  cwrXjow,  «a  i 
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graiD  of  soot,  if  distributed  evenly  in  fine  particles  throag 
cubic  foot  of  eteam,  would  color  it  blacker  tfaan  the  ace  of  q» 
Too  much  a'ir  produces  smoke,  even  though  it  brings  oxTgei 
the  file],  for  it  tends  to  lower  the  temperature  of  the  carbon  be 

ite  igniting-poiut  and  thus  prevents  its  complete  combiution. 

To  ensure  complete  combustion  it.  is  iie('t%»ry  to  have  a 
ficioDt  supply  of  air,  to  thurouglily  mix  the  combustible  1 
air,  and  tu  have  the  combitstiblc  and  the  air  maiiitaiDed  t 
sufficiently  high  temperature.  The  higher  the  t«mperaUui 
which  the  materials  are  fed  to  the  fire  the  more  perfect  fflll 
the  combustion. 

The  following  tal>Ie  ebowH  the  number  of  beat  nniti  prndc 
by  the  complete  conibusCion  in  air  of  one  piiuod  of  thajj 

Heat  of  Combcstior,  ^ 

Acetylene 20420    I 

Alcohol 12930 

"       wood 9G60    I 

Benilne 179B0    | 

Carbon  to  rarbonic  acid  .. 

''      (liaulpliide 

Csibouic  oxide 

Dyunjiiite  (75  per  cent)... 
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Ites  were  not  the  most  subject  to  spontaneous  combustion, 
ording  to  him,  air  is  rapidly  absorbed  by  the  coal,  and  the 
gen  of  the  air  then  combines  with  the  organic  components  to 
iace  carbonic  acid  and  develop  heat.  According  to  all  prob- 
lities,  however,  the  heat  which  determined  the  spontaneous 
ibustion  is  due  both  to  the  oxidation  of  the  iron  and  to  that 
he  carbonized  matters.  This  confined  in  badly-ventilated  holds 
edilj  reaches  a  temperature  sufficiently  high  to  produce  com- 
tioD. 

rhat  most  of  the  bituminous  coals  (English  and  American)  are 
ject  to  spontaneous  combustion  when  in  bulk,  and  under  favor- 
e  circumstances,  has  long  been  known.  Experiments  by  Green- 
urn  have  also  proved  conclusively  that  an  exposure  of  bitu- 
10U8  coal  in  heaps  to  the  action  of  the  weather  for  a  period 
yiog  from  two  weeks  to  a  year  results  in  a  large  percentage  of 
I  This  loss  is  in  the  nature  of  a  slow  or  incomplete  combus- 
i;  it  is  greater  and  more  rapid  in  large  heaps  than  in  small, 
I  is  also  favored  by  the  greater  or  less  state  of  subdivision  of 
coal,  large  fragments  losing  proportionably  less  than  smaller 
B.  The  loss  varies  from  5  to  25  per  cent. 
lie  higher  the  temperature  the  more  rapid  is  the  combustion. 
)  heat  around  the  coal-bunkers  of  steamships  must  necessarily 
^ery  great,  from  their  close  proximity  to  the  boilers  and  fur- 
es;  and  in  sailing-ships  containing  large  quantities  of  these 
Is  in  bulk,  taken  on  board  mostly  wet,  the  generation  of  heat 
he  poiut  of  ignition  seems  to  be  only  a  question  of  time.  The 
)hur  and  volatile  matter  in  bituminous  and  hydrogenous  coals 
the  active  agents  in  spontaneous  combustion,  and  the  finer  the 
tides  the  more  favorable  is  the  condition  for  producing  that 
lit  The  large  number  of  disasters,  which  have  occurred  from 
spontaneous  coinbustion  of  bituminous  coals  on  board  of  steam- 
p8  and  sailing-vessels,  has  called  public  attention  to  the  matter. 
&ough  the  manner  by  which  bituminous  coal  stoxeA  Va.  n^^^'3» 
Jomes  Ignited  Is  not  yet  determined,  it  has  been  dercvo\i«X"t«u\fc^ 
the  conditions  for  the  work  of  spontaneous  coni\>us.\;\oxi  cx^aJv 
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wherever  large  bodies  of  bituminous  coal  are  stored  in  dose 
partraents. 

From  the  foregoing  oonsiderations,  it  would  seem  that^ 
spoiitaneous  combustion  takes  place  among  coals  or  other 
stances,  drowning  out  with  water  is  not  always  effective;  as, 
it  extinguishes  the  fire,  it  leaves  in  the  coal  a  condition  of 
very  favorable  to  a  renewed  ignition  at  any  moment.    A 
explosion  of  coal-gas  recently  occurred  on  board  of  a  steamship  i 
Liverpool,  by  which  fourteen  men  were  injured,  some  of 
seriously,  in  consequence  of  a  quantity  of  wet  coal  having 
placed  in  the  bunkers  and  the  hatches  closed. 


Fuel. 

The  word  fuel  is  used  to  denote  substances  which  may  be 
by  means  of  atmospheric  air  with  sufficient  rapidity  to  evolve 
capable  of  being  applied  to  economical  purposes.  Fuel 
either  of  vegetable  matter  or  of  the  products  of  the  natunl 
artificial  decomposition  of  such  matter.  Vegetable  matter,  ivl 
consists  principally  of  woody  tissue,  is  composed  of  carbon, 
drogen  and  oxygen,  comprising  the  organic  part,  and  a  small] 
portion  of  so-called  earthy  matter,  that  which  is  inorganic 
sun  is  the  source  of  the  heat-producing  power  of  fiiel,  since 
organic  parts  are  derived  from  water,  and,  except  in  partic 
cases,  from  the  carbonic  acid  of  the  atmosphere,  which  are  dc 
posed  iu  the  economy  of  plants  by  the  action  of  solar  light 
The  principal  fuels  used  in  the  production  of  steani  are 
coke,  wood,  petroleum,  natural  gas,  peat,  and  refuse  of  variii 
kinds,  either  animal  or  vegetable.  These  fuels  are  all  made' 
of  carbon  and  hydrogen,  while  most  of  them  contain  in  ad( 
oxygen,  nitrogen,  and  sulphur,  with  traces  of  mineral  sul 
The  carbon  is  the  principal  heat-producer  and  the  hydrogen 
second,  none  of  the  other  elements  being  of  any  value  in  the 
iluction  of  heat.  In  the  process  of  combustion  the  carbon  bt 
/o  carbonic  acid,  the  hydrogen  to  v?v\l^T,l\vfe  ^xA'^xrt  \a ^^ 
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e  minerals  to  ashes,  the  nitrogen  remains  unchanged  and 
'gen  unites  with  the  hydrogen  to  form  steam. 
ogen  in  fuel  must  always  be  in  association  with  carbon,  but 
practically  free  from  hydrogen  may  be  procured  abun* 
ind  applied  as  fuel.  In  all  fuel  containing  carbon,  hydrogen, 
'gen,  the  proportion  of  hydrogen  may  be  equal  to  or  greater, 
er  less,  than  that  required  to  form  water  with  the  oxygen. 
ly  the  hydrogen  in  excess  of  this  which  is  available  as  a 
Df  heat,  so  that,  in  the  combustion  of  a  substance  whose 
tion  is  represented  by  carbon  and  water,  the  carbon  alone 
)urce  of  heat.  The  hydrogen  existing  in  combination  with 
in  the  state  of  water,  so  far  from  contributing  to  the  actual 
of  heat  produced,  must  be  evaporated  at  the  expense  of 
}  developed  by  the  combustion  of  the  carbon. 
compare  different  fuels,  and  assign  them  a  value  for  heat- 
poses  based  on  their  chemical  constitution,  we  will  find 
roleum  is  about  25  per  cent,  superior  to  all  others  theoret- 
in  round  numbers,  it  is  capable  of  evaporating  15  lbs.  of 
er  pound  of  ftiel,  while  a  pound  of  anthracite  coal  can 
te  11  lbs.,  and  a  pound  of  coke  only  about  9  lbs.;  the^ 
rarying,  to  a  certain  extent,  with  the  different  qualities  of 

i. 

hemical  properties  of  coal  are,  free  carbon,  hydro-carbons, 
•  oxygen,  and  hydrogen,  with  solid  matter  termed  ash  ;  the 
ons  of  these  vary  considerably.  In  some  instances,  the 
Ltter  is  25  per  cent.,  while  with  superior  coal,  only  6  or  10 
.  The  products  of  combustion  are  carbonic  acid  gas,  ni- 
lir,  ashes,  and  steam. 
oxygen  necessary  for  the  combustion  of  coal  is  derived 

5  atmosphere.    One  pound  of  carbon  in  combustion  unites 

6  lbs.  of  oxygen,  and  the  product  is  3*66  lbs.  of  carbonic 
s.  From  this  it  will  be  seen  that  to  obtain  266  lbs. 
en  11  lbs.  of  air  would  have  to  be  brought  into  contact 

3  pound  of  coal  (if  pure  carbon)  to  render  its  coiuX^wsXavvdi 
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complete ;  but,  as  coal  eontjains  hydrogen,  it  is  found  tbat  ii 
of  11,  12  lbs.  are  required. 

Carbon. — Vegetables,  when  burnt  or  distilled  in  close  v( 
till  their  volatile  parts  are  entirely  separated,  leave  a  black,  bi 
and  cinereous  substance  which  constitutes  the  greater  part  of 
woody  fibre,  and  is  called  charcoal.    Charcoal  contains  a 
of  earthy  and  saline  impurities,  but,  when  entirely  freed  from 
and  other  impurities,  a  solid,  simple,  combustible  substance 
mains,  which  is  called  carbon.     Carbon  exists  naturally  in  ai 
of  greater  purity  than  can  be  prepared  by  art.     The  diamond^ 
pure  carbon  crystallized,  and  when  pure  is  colorless  and 
rent.     It  is  the  hardest  substance  known;  and,  as  it  susi 
considerable  degree  of  heat  unchanged,  it  was  formerly  consic 
to  be  incombustible.    It  may,  however,  be  consumed  by  a  bui 
glass,  and  even  by  the  heat  of  a  furnace.    The  difficulty  of  bi 
it  appears  to  arise  from  its  hardness ;  for  Morveau  and  Tc 
have  rendered  common  charcoal  so  hard,  by  exposing  it  for  soi 
time  to  a  violent  fire  in  close  vessels,  that  it  endured  a  red  he 
without  catching  fire.     Common  charcoal  contains  only  64 
of  diamond,  or  pure  carbon,  and  36  of  oxygen  in  every  100. 

The  common  charcoal  of  commerce  is  usually  prepared 
young  wood,  which  is  piled  up  near  the  place  where  it  is  cut 
conical  heaps,  covered  with  earth,  and  burnt  with  the  least 
sible  access  of  air.     When  the  fire  is  supposed  to  have  penet 
to  the  centre  of  the  thickest  pieces,  it  is  extinguished  by  enl 
closing  the  vents.     When  charcoal  is  wanted  very  pure,  the 
duct  of  this  mode  of  preparing  it  will  not  suffice ;  for  the  nw 
facturing  of  the  best  gunpowder,  it  is  distilled  in  iron  cylinc 
Chemists  prepare  it  in  small  quantities  in  a  crucible  covered 
sand,  and  after  they  have  thus  prepared  it,  they  pound  it, 
wash  away  the  salts  it  contains  by  muriatic  acid ;  the  acid  is 
moved  by  the  plentiful  use  of  water,  and  afterwards  the  chi 
is  exposed  to  a  low  red  heat.     Pure  charcoal  is  perfectly  tastde 
^nd  insoluble  in  water. 
Charcoal  newly  prepared  absorbs  mo\«\.\rc^  ^ViJa.  vi\^.  ^ 
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rbs  oxygen  and  other  gases,  which  are  condensed  in  its 
quantity  many  times  exceeding  its  own  bulk,  and  which 
1  out  unaltered.  Fresh  charcoal  allowed  to  cool  without 
!  to  air,  and  the  gas  then  admitted,  will  absorb  2.25  times 
of  atmospheric  air  immediately,  and  75  per  cent,  more 
•r  five  hours;  of  oxygen  gas  about  1.8  immediately,  and 
more ;  of  nitrogen  gas,  1.65  immediately. 
>llowing  toble  (from  D.  K.  Clark)  gives  the  relative  val- 
veral  combustibles,  with  perfect  combustion.  In  practice 
J  than  60  to  70  per  cent,  of  the  evaporative  effects  will  be 
The  coal  is  English  coal,  and  gives  a  higher  value  than 
n  coals. 

Ieat  Evolved  by  Vabious  Fuels  and  their  Equiv- 
rr  Evaporative  Power,  with  the  Weight  of  Oxygen 
Volume  of  Air  Chemically  Consume!). 


UE'-. 


/     Making  Car- 
1^       bonic  Aci^. 

igedessicated- 

rfect 

sicated 

cent,  moisture 
per  ct.  moist. 

iils-.IIIIIIl! 


Weight  of 
Oxygen  Con- 
sumed per  lb. 
of  Fuel. 


Lbs. 


8.0 

2.66 

1.00 
2.45 
2,49 
2.04 
2.74 
1.40 
J. 05 
0.98 
3.29 
4.12 


Quantity  of  Air 

Total  Heat  of 

Consumed  per  lb. 

Combustion 

of  Fuel. 

of  1  lb.  of  Fuel. 

Lbs. 

Cu.  ff.  at  620. 

B.  T.  U. 

34.8 

457 

62000 

11.0 

152 

14500 

4.35 

67 

4000 

10.7 

140 

14700 

10.81 

142 

13548 

8.85 

110 

13108 

11.85 

156 

17040 

6.09 

80 

10974 

4.67 

60 

7951 

4.2G 

66 

8144 

14.33 

188 

20411 

17.93 

235 

27531      . 

Equivalent 

Evaporative 

Power  of  1  lb.  of 

Fuel  from  and 

at  212^. 

Lbs. 


62.40 

15.0 

4.17 
15.22 
14.02 
13.67 
17.64 
11.36 
8.20 
8.43 
21.13 
28.50 


/e  Value  of  Coal.— The  tables  on  pp.  106, 107,  taken  from 
"  give  the  constituents  and  number  of  pounds  of  water 
ed  per  pound  of  coal.  These  values  are  the  theoretically 
iralues,  and  in  practice  not  over  70  per  cent,  is  liable  tci 


led. 
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Table  of  Amebicam  Coals. 
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---■■*,  St  CWr  Co. 
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Table  of  Amebican  COAta  (eonHnued), 


OHia 

PENKSVUVANtA. 

Aiftradtt . 

PilBta[h  Cofciiii--------- 

TENNESSEE. 
5""  Mjry,  Salt  Co 

Fi-Wwh-     

*-ftw.,."_:"  ■-.".".".".v.vJ 


; 


Stove 34^00.1 

Chestnut 36.7     " 

Pea 36.7'  • 


108  TH£     £NGIN££R^S     HANi>Y-fiO0K. 

Classification  of  Coals. — Rankine  classifies  them  as  follows: 

1.  Anthracite,  consisting  almost  wholly  of  carbon. 

2.  Semi-bituminous  coal,  having  70  to  80  per  cent,  of  curbon.< 

3.  Bituminous,  caking  coal,  with  50  to  60  per  cent,  of  carbon., 

4.  Cannel  or  long  flaming  coal,  having  75  to  85  per  cent  <■ 
carbon.  I 

5.  Lignite  or  brown  coal,  having  50  to  75  per  cent,  of  carboiLj 
The  2d  and  8d  are  used  most  for  steam  coals.     No.  1  is  fc 

principally  in  the  Alleghany  mountains.  No.  2  in  Maryl^d 
Virginia,  No.  3  in  the  Mississippi  valley,  No.  4  in  Pennsyb 
and  Indiana,  and  No.  5  in  Colorado  and  Texas. 

Sizes  and  space  occupied  by  ooal,  per  ton  of  2240  poi 
anthracite: 

Lump 32.2  cu.  ft. 

Broken 33.9      " 

Egg 34.5      " 

The  Value  of  Wood  as  Fuel  Compared  with  Coal. — Two 

a  half  pounds  of  dry  wood  are  equal  to  one  pound  (average  qualil 
of  soft  coal,  and  the  fuel  value  of  the  same  weight  of  difieiMt 
woods  is  very  nearly  the  same,  —  that  is,  a  pound  of  hickory  i^ 
worth  no  more  for  fuel  than  a  pound  of  pine,  assuming  both  tt 
be  dry.  If  the  value^e  measured  by  the  weight,  it  is  importai^ 
that  the  wood  be  dry,  as  each  10  per  cent,  of  moisture  or  waM 
in  the  wood  will  detract  about  12  per  cent,  'from  its  value  as  i 
fuel. 

The  weight  of  one  cord  of  different  woods  (air-dried)  is  li 
follows :  ' 

Hickory,  or  Hard  Maple 4500  Ibfc 

White  Oak 3850  " 

Beech,  Red  Oak,  and  Black  Oak        ....     3250  " 

Poplar,  Chestnut,  and  Elm 2350  ** 

Pine 2000  " 

The  ftjel  value  of  wood,  as  compared  with  coal,  is  about  \ 
IbUows: 
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(( 


(( 


« 
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I  air-dried  Hickory,  or  Hard  Maple,  equal  to  2000  lb?,  coal. 
I  air-dried  White  Oak  equal  to  .        .        .    1725 
I  air-dried  Beech,  Red  Oak,  or  Black  Oak 

ilto 1450 

I  air-dried  Poplar,  Chestnut,  or  Elm  equal  to  1050 
i  air-dried  Average  of  Pine  Wood  equal  to  925 
nparative  value  of  different  kinds  of  wood  for  fuel. 

Yellow  Oak 60 

Hard  Maple 59 

White  Elm 58 

Red  Cedar 56 

Wild  Cherry 55 

Yellow  Pine 54 

Chestnut 52 

Yellow  Poplar    ....     51 
Butternut      and      White 

Birch 43 

White  Pine  .....  30 
er  Solid  Fuels. — Sawdust  and  shavings  are  largely  used  in 
ind  have  an  evaporative  power  practically  the  same  as  an 
weight  of  wood  of  the  same  state  of  dryness.  Spent  tan 
?hen  dry  has  considerable  evaporative  power.  The  refuse 
^as  works,  known  a  breeze,  has  a  high  heat  value,  as  has 
5se,"  the  refuse  of  sugar  cane.  Peat,  cotton  stalks,  straw, 
e  also  used  to  some  extent.  An  approximate  idea  of  the 
e  value  of  some  of  these  compared  to  good  coal  is  given  in 
>le  below. 

RETic  Evaporating  Power  of  Substances  from  212®  F. 

Tan  (dry) 4  lbs. 

Cotton  stalks 3  " 

Straw 2J" 


lark  Hickory  .    . 
t  Hickory  .     .     , 
jOak     .     .     .     . 

.    .  100 
.     .  .  95 
.    .    84 

)Ash      .     .     .    . 

.    .    77 

7ood.     .     .    .    , 

.    .    75 

Oak.    ...    . 

.    .    73 

Hazel  .     .    .    . 

.    .    72 

-Tree     .     .     . 

.    .    70 

ak    .     .     .    .     , 

.    .    67 

Beech  .     .     .     , 

.    .    65 

Birch    .     .     .    . 

.    .    62 

it. 


12  lbs. 
.  6   " 
4  " 


id   Fuels — Petroleum. — The  high   evaporative  power  of 
um,  about  21  pounds  of  water  per  pound  of  fueV,  W«>  Vdi 
eat  deal  of  experiment  in  its  use  for  making  steam.    It  \v«ca 
iportant  advantages,  aiuong  which  may  be  meBtioxved  ; 


\ 
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It  is  cleaner,  having  no  ash  residue,  and  is  more  easily  han( 
allowing  a  smaller  number  of  men  to  handle  a  given  horse-p( 
of  boilers.  It  gives  a  steadier  fire,  occupies  for  an  equal  nun 
of  heat  units  about  two-thirds  as  much  space  as  coal,  and 
be  more  readily  managed  in  the  matter  of  starting  and  stop] 
fires  in  the  boiler  furnace.  Moreover,  it  makes  no  cinders 
little  or  no  smoke.  With  all  these  advantages  it  is  the  quefl 
of  relative  cost  of  coal  and  oil  at  difierent  points  that  detevm 
the  advisability  of  its  use  at  those  places.  Coal  at  about  $8.00 
ton  is  about  equal  to  petroleum  at  2  cents  per  gallon,  as  & 
the  fuel  cost  for  evaporating  a  pound  of  water  is  concerned.  ' 
saving  of  labor,  etc.,  must  be  calculated  for  each  particular  ca 

Composition  of  Petroleum. — Analyses  of  many  difiTerent  pe 
leums  give  the  following  as  the  chemical  composition : 

Carbon 82  to  85  per  cent. 

Hydrogen 11  to  15       " 

Oxygen : 5  to   6       ** 

When  distilled  it  gives  off  at  different  temperatures  diffei 
products,  each  having  distinctive  properties.  Some  of  the  bd 
common  are : 

Gasolene,  distilling  at  about 140°-160°  F. 

Benzine  "  "  160^-200*' 

Naphtha  "  «  200°-250*' 

Kerosene         "  «  350*»-450® 

Oils  used  for  lubrication 450°  and  above. 

Weight  of  petroleum  differs  with  its  composition,  but  ma) 
taken  roughly  as  about  eight-tenths  that  of  wat^r. 

Gaseous  fuels  possess  many  of  the  advantages  of  petroleum 
use  in  boiler  furnaces.  The  principal  ones  available  are  nati 
gas,  illuminating  gas,  water  gas,  and  producer  gas.  While 
relative  proportions  of  the  chemical  constituents  of  natural 
differ  considerably  in  the  different  parts  of  the  country  where  1 
gas  is  found,  yet  the  following  tables  will  give  a  fairly  close  i 
of  the  composition  of  these  gases.  TVvea^  t«.ble8  are  taken  ft 
^Ae  remits  of  Mr.  JSmerson  McM\W?tu; 
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MiTiON  OP  Gases — Volume  and  Weight. 

Natural  Gas.  Coal  Gas.  Water  Gas.  ProdocsrGas. 

2.18  46.00  45.00  6.00. 

92.60  40.00  2.00  8.-00 

e 0.50  6.00  45.00  23.50 

0.31  4.00  0.00  0.00 

._-    0.26  0.50  4.00  1.50 

3.61  1.50  2.00  66.00 

0.34  0.50  0.50  0.00 

0.00  1.50  1.50  1.00 

d 0.20             

100.00  100.00  100.00  .  100.00 

Natural  Gas.  Coal  Gas.  Water  Gas*  Producer  Gas. 

.- '    0.268  8.21  5.431  0.468 

90.383  67.20  1.93L  .  1.831 

le- _    0.857  15.02  76.041  25.095 

0.531  10.01  0.000  0.000 

J 0.700  1.97  10.622  2.517 

6.178  3.75  3.380  69.413 

0.666  1.43  0.965  0.000 

0  000  2.41  1.630  0.686 

id 0.417          


100.000      100.000        100.000        100.000 

ative  evaporating  values  have  been  calculated  on 
that  20  per  cent,  more  air  entering  at  a  temperature 
Iraitted  to  the  fire-box  than  would  just  supply  the 
gen  necessary  for  perfect  combustion,  and  also  that 
•e  of  the  gas  escaping  from  the  boiler  flue  is  500°  F. 


Natural  Gas 

Illuminating 
Gas. 

Water  Gas. 

Producer 
Gas. 

1000 

1000 
32 

1000 
45.5 

1000 

0  cu.  ft  ..      45.5 

66 

iporated..       893 

591 

262 

115 

Compared  with    Coal. — Roughly,  30,000  cubic 
gas,  45,000  cubic  feet  of  illuminating  gaa,  IQ,^^^ 
vater  ga^,  and  120,000  cubic  feet  of  producex  ^-^ 
iporating power  to  one  ton  of  good  coaV, 
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CHAPTER  VI. 


AIR  AND  OTHBR  GASES. 


4f 


Gases. — All  liquids  if  heated  to  a  sufficiently  high  tern] 
ture  reach  a  point  at  which  their  physical  state  changes,  and 
evaporate  into  the  gaseous  condition.     In  this  condition  most* 
them  are  colorless  and  without  odor.     They  exert  a  pressure 
all  directions  and  are  elastic  to  the  highest  degree.     They 
acted  upon  by  gravity  just  like  bodies  in  the  liquid  and  solid 
ditions,  and  therefore  have  weight.     Many  substances  exist 
rally  in  the  gaseous  state,  although  they  may  all  be  liquefied 
subjecting  them  to  a  sufficiently  low  temperature  and  pi 
Among  the  most  important  elementary  gases  are  oxygen,  ni 
gen,  and  hydrogen. 

Perfect  gases  are  those  which  follow  what  is  known  as  the 
of  Boyle  or  Mariotte,  viz. :  If  the  temperature  be  kept  constant,! 
volume  occupied  by  a  gas  varies  inversely  as  the  pressure 
upon  it.     Thus  when  a  gas  is  compressed  into  half  its  origii 
bulk  its  pressure  is  double;  when  compressed  into  a  third  of 
original  bulk  its   pressure  is  trebled ;   when  compressed   into 
fourth  of  its  original  bulk  its  pressure  is  quadrupled ;  and 
rally  the  pressure  varies  inversely  as  the  bulk  into  which  the 
is  compressed.     So  in  like  manner,  if  the  volume  be  doubled, 
pressure  is  made  one-half  of  what  it  was  before, — ^the  pressore' 
every  case  being  reckoned  from  0,  or  from  a  perfect  vacuum. 

Thus,  if  we  take  the  average  pressure  of  the  atmosphere  at  1^ 
pounds  on  the  square  inch,  a  cubic  foot  of  air,  if  suffered  to  ex| 
into  twice  its  bulk,  by  being  placed  in  a  vacuum  measuring 
eujb/c  feet,  will  have  a  pressure  of  1  .^^  i^\wvd<&  %.\\Qve  a 
vacuum,  and  also  of  7.35  pounds  beVoN^  ^^lfe  ^A.mois^^'nR  y< 
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;,  if  the  cubic  foot  be  compressed  into  a  space  of  half  a 
3ot,  the  pressure  will  become  29.4  pounds  above  a.  perfect 
I,  and  14.7  above  the  atmospheric  pressure.     The  specific 

of  any  one  gas  to  that  of  another  will  not  exactly  con- 
»  the  same  ratio  under  different  degrees  of  heat,  and  other 
38  of  the  atmosphere. 

of  Charles.— Perfect  gases  also  follow  this  law,  which  is — 
olume  of  a  gas  at  constant  pressure  is  proportional  to  its 
3  temperature ;"  that  is,  to  the  temperature  measured  above 
alute  zero,  which,  it  will  be  remembered,  is  460°  below  the 
heit  zero.  The  expansion  in  volume  for  a  gas  for  each 
rise  in  temperature  is  found  to  be  j^  of  its  volume.  There- 
find  the  volume  at  any  temperature,  having  given  the  vol- 

any  other  temperature  as  0°  F.,  we  have  the  following 
•ubtract  32  from  the  temperature  and  multiply  the  result 
504.  Add  to  this  product  and  then  multiply  it  by  the 
32®  F.     The  result  will  be  the  volume  at  the  temperature 

ication  of  Boyle's  and  Charles'  Laws. — Another  way  of 
ing  the  two  laws  is,  that  the  product  of  pressure  by  vol- 
proportional  to  the  Absolute  Temperature  of  the  gas.  [The 
e  temperature  is  the  temperature  or  number  of  degrees 
the  absolute  zero.]  If  jo  =  the  pressure  at  any  tempera- 
F.,  and  v  =  the  volume,  while  p^  =  the  pressure  and  v^  = 
at  some  other  temperature,  t^^  F.,  then  the  above  rule  may 

essed  as  follows :  ^—z  =  jw7{ — :,.     The  number  460  is  the 

p  xf     460  + 1 

'  of  degrees  which  the  absolute  zero  is  below  the  Fahren- 
o. 

iple. — 10  cubic  feet  of  air  at  atmospheric  pressure  and  40°  F. 
ipressed  by  a  pressure  of  29.4  pounds  per  square  inch,  and 
perature  when  measured  is  found  to  be  50°  F.  What  vol- 
es the  air  now  occupy?  Here p  =  14.7  pounds  per  sc\v\wc^ 
=  10  cubic  feet,  t=40''  F.,  t' =  50""  F.,  and  p'  =  2.9  A  ^owvi^'a 
ire  inch.    Substituting  ijieae  vajq^s  we  have 


114 


THE     engineer's     HANDT-BOOK. 


14.7x10    460+40    500     o  ,  .       ..    «      ,       ^ 
Tiii  ~A — 7  -  7^7^ — ETv "  FTTi'    Solving  this  for  tr  we  ha 
29.4x1?'     460+50    510  ^ 

^' "  g/w^    o/\  J  =  5-1  cubic  feet. 
500  X  29.4 

The  following  table  gives  the  specific  gravities  and  we 

cubic  foot  of  a  number  of  gases : 


Om. 


Alff  .      .      • 

CarboB  dloildt 
Cvboa  mo&oiida 
CbtorlBt  •      • 


CodgM 


to 


Cytnogttt 
tfyilfOattOnf  MM 
ft  jwcMonB  mn 


t/)00 

o-SSff 

«•» 
0967 

Mas 

0450 
i&)6 

S.370 

00696 

tJ9> 

aS9 


OdOOia93 

Ouooo77P 
0001974 
aoox3j4 

Oy003I^ 

OUOO0431 
0000558 
0003330 

0002937* 
000x616 
0000090 
000x476 

0000717 
000x257 

000x343 
000x970. 


«ftM6^C 


lkimnil<i»  «f  piM^t  gtses  are  Air.  Ox^rgeo,  Hydroj 

%NflJII^  MIh)  nil  5^)b$4^nc(^  in  tlie  |!imeoQS  condition  wJ 

M  tn  ^&Ml%frCt  >irit})  th^  liquid  from  wbich  thej  are  pr 
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1  state ;  it  is  by  the  application  of  heat,  or  of  acids,  to  some  of 
BubstaDces  containing  it,  that  it  is  usually  procured  in  the 
I  of  gas.  Oxygen  gas  is  the  only  one  that  can  be  breathed  by 
Hals  for  any  length  of  time  with  impunity.  The  power  of  at- 
pheric  air  in  supporting,  respiration  is  owing  to  the  oxygen. 
rgen  combines  with  all  the  metals,  and  in  this  state  they  are 
ad  metallic  oxides,  depriving  them  of  their  metallic  lustre,  and 
pg  them  an  earthy  or  rusty  appearance.    Any  of  the  metals 

capable  of  combining  with  different  proportions  of  oxygen. 
m  with  one  proportion  are  called  protoxides ;  of  two,  (binooddes,) 
Mrogen. — Nitrogen  gas  is  most  easily  described  by  including 
Wf  of  its  negative  qualities.  It  has  no  taste ;  it  unites  with 
gen  in  several  proportions;  it  also  unites  with  hydrogen. 
«gh  incapable  of  being  breathed  above  its  base,  nitrogen  is  a 
iponent  portion  of  all  animal  substances ;  it  is  lighter  than  oxy- 
.  Nitrogen  gas  may  be  variously  obtained.  If  the  oxygen  be 
9iu^ted  from  the  atmospheric  air,  this  substance  will  remain,  and 

generally  be  very  pure,  unless  the  oxygen  has  been  extracted 
Eespiration.  If  iron  filings  and  sulphur,  moistened  with  water, 
mt  into  a  jar  containing  atmospheric  air,  this  gas  will  in  a  day 
wo  be  all  the  air  that  remains  in  the  jar,  as  the  oxygen  will 
ibsorbed  by  the  iron  and  sulphur.  Phosphorus  or  sulphuret 
Ime  or  potass,  inclosed  with  common  air  in  a  jar,  will  produce 
milar  effect. 

lydrogen. — Hydrogen,  like  oxygen  and  nitrogen,  is  invisible, 
tic,  and  inodorous ;  but  the  last  quality  it  seldom  possesses,  be- 
le  it  is  very  seldom  perfectly  dry,  and  when  it  contains  water 
olution,  like  alkaline  sulphurets,  its  odor  is  considerably  fetid. 
drogen  with  oxygen  forms  water;  and  it  is  by  the  decomposi- 
i  of  water  that  chemists  obtain  it  in  the  greatest  abundance 
I  purity.  For  this  purpose  iron  filing  or  turnings,  or  granu- 
id  zinc,  are  put  into  a  retort,  and  covered  with  sulphuric  acid 
Ited  with  four  times  its  weight  in  water.  A  violent  efferveaceue^ 
ies,  a  large  qvanthjr  of  gas  is  evolved,  and  issuing  ttom  \Xv^ 
rj^  A?  collects  in  the  usual  manner  by  the  pneumatic;  a^^^^r 
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ratus.  In  this  experiment  the  acid  is  not  decomposed ;  it  is 
oxygen  of  the  water  with  which  the  acid  is  diluted  that  seizes  uj 
and  oxidizes  the  metal,  and  the  hydrogen,  in  the-  same  portioo 
water  being  thus  disengaged,  passes  over  in  the  state  of  gas.  1 
hydrogen  obtained  by  using  zinc  is  the  purest,  that  obtained 
using  iron  generally  containing  some  carbon. 

Hydrogen  combines  with  a  larger  quantity  of  oxygen  thaa  i 
other  body ;  its  combustion,  therefore,  when  mixed  with  oxj| 
produces  a  more  intense  heat  than  any  other  combustion. 

It  is  the  lightest  of  all  known  substances,  having  a  weight] 
cubic  foot  only  one-sixteenth  that  of  oxygen,  one-fourteenth  d 
of  nitrogen,  and  seven-hundredths  that  of  air. 

The  flow  of  gases  under  pressure  is  taken  up  under  thesuh) 
of  air,  which  acts  like  other  gases  in  this  respect. 

Air. 

The  atmosphere  is  known  to  extend  at  least  45  miles  above 
earth.  Its  aggregate  weight  has  been  calculated  at  upward! 
77,000,000,000  of  tons,  or  equivalent  to  the  weight  of  a  solid  gl 
of  lead  60  miles  in  diameter.  Hence,  this  enormous  weight 
poses  incessantly  upon  the  earth's  surface,  and  upon  every  obji 
animate  or  inanimate,  solid,  liquid,  or  aeriform.  100  cubic  inc 
of  air  at  the  surface  of  the  earth,  when  the  barometer  stands 
34  inches,  and  at  a  temperature  of  60°  Fah.,  weigh  about  31  gi« 
being  thus  about  815  times  lighter  than  water,  and  11,066  til 
lighter  than  mercury.  The  component  parts  of  the  air  are  ab 
79  measures  of  nitrogen  gas  and  21  of  oxygen  ;  or,  in  other  woi 
air  consists  of  (by  volume)  oxygen,  21  parts;  nitrogen,  79  pai 
(by  weight)  oxygen,  23  parts ;  nitrogen,  77  parts. 

Now,  since  the  air  is  possessed  of  weight,  it  must  be  evid 

that  a  cubic  foot  of  air  at  the  surface  of  the  earth  has  to  supp 

the  weight  of  all  the  air  directly  above  it;  and  that,  therefore, 

higher  ^ye  ascend  in  the  atmosphere,  the  lighter  will  be  the  ca 

^^/^  of  air;  or,  in  other  words,  ttie  iaittiex  itom  \>afc  wscdwsR^^^ 
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rih  the  less  will  be  the  density  of  the  air.  At  the  height  of 
knee  and  a  half  miles,  it  is  known  that  the  atmospheric  air  is  only 
Uf  as  dense  as  it  is  at  the  surface  of  the  earth.    From  the  nature 

I  llaids,  it  follows  that  the  atmosphere  presses  against  any  body 
nh  which  it  comes  in  contact  —  because  fluids  exert  a  pressure  in 

II  directions  —  upwards,  downwards,  sidewise,  and  obliquely.  Its 
JBrtieles  are  so  inconceivably  minute,  that  they  enter  all  substances, 
kn  liquids.  It  penetrates  all  the  ramifications  and  innermost 
Msesses  of  porous  bodies,  and  is  mixed  up  with  and  circulates  in 
k  blood  of  men  and  animals ;  and  by  the  pressure  of  its  super- 
febmbent  strata,  it  is  urged  through  almost  every  substance.  It 
i  this  circulation  through  the  interior  of  the  bodies  of  men  and 
^als  which  counterbalances  its  outer  pressure ;  because,  if  its 
^ht  were  not  neutralized,  neither  man  nor  beast  could  walk, 
id  would  be  as  mute  as  statues  of  lead,  and  lips  once  closed  could 
^er  again  be  opened. 

The  amount  of  (pressure  of  a  column  of  air,  whose  base  is  one 
[Hare  foot  and  whose  altitude  is  the  height  of  the  atmosphere, 
IB  been  found  to  be  2i56  pounds  avoirdupois,  or  very  nearly  15 
^nds  of  pressure  on  every  square  inch.  Consequently,  it  is  com- 
on  to  state  the  pressure  of  the  atmosphere  as  equal  to  15  pounds 
I  the  square  inch.  If  any  other  gaseous  body  or  vapor  —  such  as 
earn  —  exerts  a  pressure  equivalent  to  15  pounds  on  the  square 
ich,  then  the  force  of  that  vapor  is  said  to  be  equal  to  one  atmos- 
iiere.  If  the  vapor  be  equal  to  30  pounds  on  every  square  inch, 
ken  it  is  equal  to  two  atmospheres,  and  so  on ;  consequently,  the 
tiiiospheric  pressure  is  capable  of  supporting  about  30  inches  of 
lercury,  or  a  column  of  water  34  feet  high. 
It  is  known  that  the  pressure  of  the  atmosphere  is  not  constant, 
Ven  at  the  same  place.  At  the  equator,  the  pressure  is  nearly 
Dnstant,  but  is  subject  to  great  changes  in  high  latitudes.  In 
toe  countries  the  pressure  of  the  atmosphere  varies  so  much  as 
k  support  a  column  of  mercury  so  low  as  28  inches,  and  a\.  o\\\ct 
ftoes  so  high  as  81,  the  mean  being  295  ;  thus  making  t\\e  avet^^'i 
r^ure  between  14  and  13  pounds  on  the  square  inc\\.    liwVm 
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ecientific  books,  generally,  the  pressure  is  understood,  in 
numbers,  to  be  15  pounds ;  so  that  a  pressure  exerted  equal 
2,  3,  4,  etc.,  atmospheres  means  such  a  pressure  as  would  su] 
30,  60,  90,  120,  eto.,  inches  in  a  perpendicular  column,  or  16, 
45,  60,  etc.,  pounds  on  every  square  inch. 

TABLE 

OF    ALTITUDES    ABOVE    SEA-LEVEL,    AND     THE    COKBESPOKDINO  A1 
PHERIC  PRESSURES,  DEDUCED  FROM  THE  OBSERVATIONS  OF  THE 
DEN   EXPEDITION  TO  THE  ROCKY  MOUNTAINS. 


Location. 

AXTTTDDX 

IS  Feet. 

PKsmm 

OF  TBI 
ATMOBinH 

Altoona,  Pa 

1,168- 

14-08 

Cairo,  111. . 

291-23 

14-66 

Cheyenne,  Wy.  Ter. 

6,075-28 

11-48 

Cincinnati,  0.   . 

440- 

14-46 

Cresson,  Pa. 

2,000- 

13-64 

Denver,  Col. 

5,196-58 

11-94 

Golden  City,  Col. 

5,728-98 

11-67 

Lake  Champlain 

100-84 

14-64 

"     Erie 

573-08 

14-39 

"     Huron 

589-99 

14-38 

"     Michigan. 

589-15 

14-39 

"     Ontario.  . 

249-99 

14-56 

Louisville,  Ky. 

404- 

14-48 

Mt.  Lincoln,  Col. 

14,296-66 

7-06 

New  Albany,  Ind.     . 
Ogden,  Utan     . 

379-75 

14-6 

4,303-3 

12-42 

Omaha,  Neb.     . 

977-9  • 

14-18 

Pike's  Peak,  Col.      , 

14,148-66 

7-1 

Pittsburg,  Pa.  . 

699-2 

14-33 

Rock  Island,  111. 

566-68 

14-40 

St.  Tiouis,  Mo.  . 

429-29 

1417 

Terre  Haute,  Ind. 

.  485-55 

14-44 

T/je  pressure  of  the  air  differs  at  dV^etenX.  ^\\\.\x.d»&\  ejt  7  ml 
sjbove  the  surface  of  the  eart\i,  iVve  a\T  \»  ^  \:\m^  Xi^cs^et'J 
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at  the  sur£Eioe ;  at  14  miles  it  is  16  times  lighter ;  and  at  21 
»  it  is  64  times  lighter.  It  requires  1*3.817  cubic  feet  of  air 
lake  one  pouud ;  consequently,  one  cubic  foot  of  air  at  the 
ice  of  the  earth  weighs  507  grains,  or  about  1\  ounces  avoir- 
>is ;  but  under  a  pressure  of  5^  tons  to  the  square  inch,  air 
mes  as  dense,  and  would  weigh  as  much  per  cubic  foot,  as 

The  Barometer. 

he  barometer  is  an  instrument  used  for  observing  the  press- 
and  elasticity,  or  variations  in  density,  of  the  atmosphere, 
ssential  part  is  a  well-formed  glass  tube,  closed  at  one  end, 
ectly  clear  and  free  from  flaws,  33  or  34  inches  long,  of  uniform 
!,  filled  with  pure  mercury,  and  inverted ;  the  open  end  being 
rted  in  a  cup  partly  filled  with  the  same  metal,  so  that  the 
?ury  in  the  tube  may  be  supported  by  atmospheric  pressure, 
be  more  elaborate  patterns  the  cup  is  made  of  leather  arranged 
lat  it  can  be  raised  or  lowered  by  a  milled  screw  so  as  to  bring 
level  of  mercury  in  the  cup  even  with  the  zero  on  the  scale, 
upper  end  of  the  mercury  column  is  read  by  a  sighting  piece 
yiug  a  vernier. 

Then  changes  in  the  weight  of  the  atmosphere  take  place 
lually  they  are  imperceptible  to  human  sensation ;  and  if  it 
i  not  for  this  instrument  it  would  be  impossible  to  estimate  . 
irately  atmospheric  conditions.  If,  in  fine,  clear  weather,  a 
-storm  is  approaching,  the  increasing  humidity  of  the  atmos- 
•e  will  be  noted  by  the  fall  of  the  barometer  long  before  it  will 
•erceived  by  ordinary  observers.  Hence,  the  condition  of  the 
•meter  is  an  indication  of  not  only  the  weather  at  the  time, 
of  that  which  is  to  follow  during  the  course  of  several  hours, 
in  a  constant  state  of  variation,  governed  by  the  condition  of 
air.  The  mercury  in  the  barometer  stops  falling  at  30  inches 
»-level. 

he  pressure  of  the  atmosphere  at  sea-level  is  14.7  powivA^  '^t 
re  JDcb,  pressing  equally  in  all  directions.      T\\\a  \v«»  ^^^^o- 
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a£cot'ta]Ded  from  the-  following  illustration.  Because  the  'h&§ 
of  a  column  of  air  of  one  square  inch  area  exactly  balances  a  oj 
umn  of  mercury  of  the  same  area  30  inches  in  height,  and  aboj 
column  of  water  33.86  feet  in  height,  it  follows  that  a  colui 
air,  30  inches  of  mercury,  and  33.86  feet  of  water  weigh  the 
and  since  the  l^t  two  weigh  respectively  14.7  pounds  per  sqi 
inch,  a  fiill  column  of  air  must  weigh  the  same.  A  cubic 
water  evaporated  under  a  pressure  of  one  atmosphere,  or 
pounds  per  square  inch,  occupies  a  space  of  1700  cubic  feet 

^  TABLE 

8^0WING  THE  WEIGHT  OP  THE  ATMOSPHERE  PEB  SQUABE  INCH  COUt 
SPONDING   WITH   DIFFERENT  HEIGHTS  OP  THE  BAROMETER. 


Barometer 

in 

Inches. 

Atmosphere 

in 

Pounds. 

Barometer 

in 

Inches. 

Atmospljiere 

in 

Pounds. 

Barometer 

in 

Inches. 

Atmosphen 

in 

PoundB. 

280 

13-72 

29-1 

14-26 

30-1 

14-76 

28-1 

13-77 

29-2 

14-31 

30-2 

14-80 

28-2 

13-82 

29-3 

14-36 

30-3 

14-86 

28-3 

13-87 

29-4 

14-41 

30-4 

14-90 

28-4 

13-92 

29-5 

1^4-46 

30-5 

14-95 

28-5 

13-97 

29-6 

14-51 

30-6 

15-00 

28-6 

14-02 

29-7 

14-56 

30-7 

15-05 

28-7 

14-07 

29-8 

14-61 

30-8 

15-10 

28-8^ 

14-12 

29-9 

14-66 

30-9 

1515 

28-9 

1417 

30-0 

14-70 

31- 

15-19 

290 

14-21 

The  Aneroid  Barometer  is  a  portable  form  and  operates  up 
an  entirely  different  principle.  In  consists  of  a  hollow  cylind 
very  short  in  proportion  to  its  diameter,  and  made  of  very  ti 
metal  corrugated  in  rings  concentric  with  the  axis  of  the  cylinA 
The  air  is  exhausted  from  the  inside  of  the  cylinder/  and  its  en 
are  therefore  pressed  toward  each  other  by  the  pressure  oft 
atmosphere.  The  greater  this  pressure  the  more  the  ends  i 
prasscd  together,  and  the  motion  pTodwe^d  by  pressure  is  mul 
pJ/ec/  and  read  by  a  needle  working  oN^t  a.  ^t^^waXr^  ^ass 
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hile  this  form  of  barometer  is  more  convenient,  it  regis- 
itmospheric  pressure  less  accurately. 
irement  of  Heights  by  Barometer.— By  the  following 
height  above  sea  level  of  any  place  may  be  obtained,  it 
ly  necessary  to  read  a  barometer  at  that  place : 


Height  in 

Reading  of 

Height  in 

feet 

Barometer 

feet 

above 

in  inches. 

above 

sea  level. 

temp.  60°  F. 

sea  level. 

0 

27       

2935 

469 

26.6 

3432 

945 

26        

3983 

1430 

25.6     

4519 

1923 

28 

5069 

2422 

24.6     

5627 

culate  the  heights  for  readings  between  those  in  the  table 
following  rule :  Multiply  the  number  in  the  following 
responding  to  the  temperature  by  30  minus  the  reading 
Tometer  in  inches,  and  divide  the  product  by  30  plus  the 
T  reading.     The  result  will  be  the  height  above  the  sea 


Multiplier. 
49445 
49928 
50511 
51094 
51677 
52261 
52844 
53428 
54011 
54595 


Deg.  Fah.  Multiplier. 

55  55178 

60  55761 

65  56344 

70  56927 

75  57511 

80  58094 

85 58677 

90  59260 

95  59844 

100  r ■  60427 


jr    method  of  finding    the   height  by  using   the   ther- 
will  be  found  described  on  page  134. 
B  of  Air  at  Various  Temperatures. — If  a  cubic  inch  of 
*  F.  is  heated  at  constant  pressure,  it  will  occwpy  NoVvroi^^ 
t  temperatures  as  given  in  the  table  on  pp.  VII  ^xA  Y&^ 
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TABLE 


SHOWINO  THE  BELATIVE  yOLTTMES  OP  AIB  AT  VABIOXIB  TEMFEBA' 


Temp. 

Volume  in 

Temp. 

Volume  in 

Temp. 

Volume  in 

Temp. 

Voli 

Fah. 

Cubic  In. 

Fah. 

Cubic  In. 

Fah. 

Cubic  In. 

Fah. 

Cul 

—49 

834-7 

—  6 

922-5 

37 

1010-2 

80 

10 

—48 

836-7 

—  5 

924-6 

38 

1012-2 

81 

10 

—47 

838-8 

4 

926-5 

39 

1014-3 

82 

11 

—46 

840-8 

—  3 

928-6 

40 

1016:3 

83 

11 

—45 

842-8 

—  2 

930-6 

41 

1018-4 

84 

11 

—44 

844-9 

—  1 

932-7 

42 

1020-4 

86 

11 

—43 

846-9 

-  0 

934-7 

43 

1022-4 

86 

11 

-42 

849-0 

1 

936-7 

44 

1024-6 

87 

11 

—41 

851  0 

2 

938-8 

45 

1026-5 

88 

11 

—40 

853-1 

3 

940-8 

46 

1028-6 

89 

11 

—39 

a55-i 

4 

942-9 

47 

1030-6 

90 

11 

—38 

8571 

5 

944-9 

48 

1032-7 

91 

11 

—37 

859-2 

6 

947-0 

49 

1034-7 

92 

11 

—36 

861-2 

7 

949-0 

50 

1036-7 

93 

11 

—35 

863-3 

8 

951-0 

61 

1038-8 

94 

11 

-34 

865-3 

9 

953-1 

52 

1040-8 

96 

11 

—33 

867-3 

10 

955-1 

63 

1042-9 

96 

11 

—32 

869-4 

11 

957-1 

54 

1044-9 

97 

11 

—31 

871-4 

12 

959-2 

55 

1046-9 

98 

11 

-T-30 

873-5 

13 

961-2 

56 

1049-0 

99 

11 

—29 

875-5 

14 

963-3 

57 

1051-0 

100 

11 

—28 

877-6 

15 

965-3 

58 

1053-1 

101 

11 

—27 

879-6 

16 

967-3 

59 

1055-1 

102 

11 

—26 

881-6 

17 

969-4 

60 

1057-1 

103 

11 

—25 

883-7 

18 

971-4 

61 

1059-2 

104 

11 

—24 

885-7 

19 

973-5 

62 

1061-2 

106 

11 

—23 

887-8 

20 

975-5 

63 

1063-3 

106 

11 

—22 

889-8 

21 

977-6 

64 

1065-3 

107 

11 

—21 

891-8 

22 

979-6 

65 

1067-3 

108 

11 

—20 

893-9 

23 

981-6 

66 

1069-4 

109 

11 

—19 

895-9 

24 

983-7 

67 

1071-4 

110 

11 

—18 

898-0 

25 

985-7 

68 

1073-5 

111 

11 

—17 

900-0 

26 

987-8 

69 

1075-5 

112 

11 

—16 

902-0 

27 

989-8 

70 

1077-6 

113 

11 

—15 

904-1 

28 

991-8 

71 

1079-6 

114 

11 

—14 

906-1 

29 

993-9 

72 

1081-6 

116 

11 

—13 

908-2 

30 

995-9 

73 

1083-7 

116 

11 

—12 

910-2 

31 

998-0 

74 

1085-7 

117 

11 

—11 

912-2 

32 

1000-0 

75 

1087-8 

118 

11 

—10 

914-3 

33 

1000-2 

76 

1089-8 

119 

11 

J  Si 

910-3 

34 

1004-1 

i      "^7 

1091-8 

120 

11 

918-4 
920-4    / 

•35 

100i)-l 

\'^ 

■ 

'      36 

1008*2 
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TABT.E  — 

(Qmtinued,) 

• 

ip. 

Volume  in 

Temp. 

Volume  in 

Temp. 

Volume  in 

Temp. 

Volume  in 

u 

Cubic  In. 

Fab. 

Cubic  In. 

Fah. 

Cubic  In. 

Fah. 

Cubic  In. 

3; 

1186-7 

152 

1244-9 

180 

1302-0 

208 

1359-2 

i 

1187-8 

153 

1246-9 

181 

1304-1 

209 

1361-2 

5 

1189-8 

154 

1249-0 

182 

1306-1 

210 

1363-3 

6 

1191-8 

155 

125V0 

183 

1308-2 

211 

1365-3 

7 

1193-9 

156 

1253-0 

184 

1310-2 

212 

1367-3 

8 

1195-9 

157 

12551 

186 

1312-2 

213 

1369-4 

9 

1198-0 

158 

1257-1 

186 

1314-3 

214 

1371-4 

0 

1200-0 

159 

1259-2 

187 

1316-3 

215 

1373-5 

1 

1202-0 

160. 

1261-2 

188 

1318-4 

216 

1375-5 

2 

1204-1 

161 

1263-3 

189 

1320-4 

217 

1377-5 

3 

1206-1 

162 

1265-3 

190 

1322-4 

218 

1379-6 

4 

1208-2 

163 

1267-3 

191 

1324-5 

219 

1381-6 

5 

1210-2 

164 

1269-4 

192 

1326-5 

220 

1383-T 

6 

1212-2 

165 

1271-4 

193 

1328-6 

230 

1404-1 

7 

1214-3 

166 

1273-5 

194 

1330-6 

240 

1424-5 

8 

1216-3 

167 

1275-5 

195 

1332-6 

250 

1444-9 

9 

1218-4 

168 

1277-5 

196 

1334-7 

260 

1465-3 

0 

1220-4 

169 

1279-6 

197 

1336-7 

270 

1485-7 

1 

122?^-4 

170 

1281-6 

198 

1338-8 

280 

1506-1 

2 

1224-5 

171 

1283-7 

199 

1340-8  • 

290 

1526-5 

S 

1226-5 

172 

1285-7 

200 

1342-9 

350 

1546-9 

4 

1228-6 

173 

1287-8 

201 

1344-9 

400 

1751-0 

:5 

1230-6 

174 

1289-8 

202 

1346*9 

500 

1955-1 

[6 

1232-7 

175 

1291-8 

203 

1349-0 

600 

2159-2 

[7 

1234-7 

176 

1293-9 

204 

1351-0 

700 

2363-3 

18 

1236-7 

177 

1295-9 

205 

1353-1 

800 

2567-4 

^9 

1238-8 

178 

1298-0 

206 

1855-1 

900 

2771  -5 

M) 

1240-8 

179 

1300-0 

207 

13571 

1000 

2975-6 

>1 

1242-9 

"low  of  Air  OP  Gases  through  an  Orifice. — Prof.  Peabody  gives 
following  rules : 

..  If  the  absolute  pressure  (above  a  vacuum)  of  the  escaping  gas 
lore  than  twice  the  atmospheric  pressure,  midtiply  the  area  of  the 
ice  in  square  inches  by  .53  and  then  by  the  absolute  pressure  of 
gas  reservoir,  and  divide  the  product  by  the  square  root  of  the 
olute  temperature  [460  plus  the  reading  of  the  thermometer]. 
I.  If  the  absolute  pressure  of  the  reservoir  is  less  than  twice 
atmospheric  pressure,  subtract  the  atmospheric  pxessiUT^  iiwxi 
reservoir  pressure,  multiply  the  difference  by  the  atmo«.p>wix\c 
mre,  extract  the  square  root  of  this  product,  muVtipV^  \>^  >^^< 
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area  of  orifice  in  square  inches,  multiply  also  by  1060,  and 
divide  by  the  absolute  temperature. 

The  flow  of  gases  through  pipes  will  be  found  treated 
the  Transmission  of  Power  by  Compressed  Air. 

TABLE 

SHOWING  THE  FORCE   OF   THE  WIND   IN   POUNDS  FEB    SQUABE   F 

DIFFEBENT  VEIXKJITIES. 


Miles 

FEB 
HOUB. 

Feet  fer 
Se<;jond. 

fobce  feb 
Squabe  Foot 

Pt)UND. 

• 

1 

1-47 

0-005 

Hardly  perceptil 

•    2 
3 

2-93 
4-4 

0-020 
0-044 

>  Just  perceptible. 

4 

5-87 

0-079 

■> 

5 
6 

7-33 

8-8 

0-123 
0-177 

^Gentle,  pleasant 

• 

7 

10-25 

0-241 

8 

11-75 

0-315 

■> 

9 

13-2 

0-400 

10 

14-67 

0-492 

12 

17-6 

0-708 

^Pleasant,  brisk  g 

14 

20-5 

0-964 

16 

22-00 

1-107 

16 

23-45 

1-25 

^ 

18 

26-4 

1-55 

) 

20 

29-34 

1-968 

>•  Very  brisk. 

25 

36-67 

3-075 

s 

30 

44-01 

4-429 

) 

35 

61-34 

6-027 

>  High  wind. 

40 

58-68 

7-873 

) 

45 

66-01 

9-963 

) 

50 

73-35 

12-30 

>  Very  high. 

55 

80-7 

14-9 

) 

60 
65 

88-02 
95-4 

17-71 
20-85 

[  Storm  or  tempes' 

70 

102-5 

24-1 

Great  storm. 

To     ] 
80 

no- 
li 7-36 

27-7 
31-49 

V  Hwrricane. 

1 

i  46-66   - 

50- 
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Horse-Power  of  Wind  Storms. 

It  is  asserted  that  severe  wind  storms  exert  a  pressure  of  from 
5  to  30  lbs.  per  square  foot,  and  travel  from  50  to  70  miles  per 
lOur.  Assuming  that  the  pressure  is  30  lbs.  per  square  foot,  or 
:  of  a  pound  per  square  inch,  with  a  speed  o'f  66  miles  per  hour, 
hen,  as  there  are  27,878,400  square  feet,  or  4,014,489,600  square 
aches  in  a  square  mile,  if  the  pressure  of  the  storm  wa^  exerted 
br  the  height  of  half  a  mile,  it  will  give  an  area  of  2,007,244,800 
^are  inches  for  each  mile  in  width  upon  which  the  storm  acts. 

fiule  far  finding  the  horse-power  of  wind  storms, 

MuKiply  the  al'ea  acted  on  in  inches  by  the  pressure  in  lbs.  per 
quare  inch ;  then  multiply  this  product  by  the  speed  in  feet  per 
dinute,  and  divide  by  33,000.  The  quotient  will  be  the  horse- 
K>wer  of  the  storm. 

Example.  —  2,007,244,800  square  inches  x  .2  lb.  pressure  X 
«00  feet  ^  33,000,  which  gives  as  a  result  70,557,700  horse- 
K)wer  developed  for  each  mile  of  breadth  of  the  track  of  the  storm. 
^0  produce  the  same  horse-power  with  improved  engines  consum- 
Qg  but  two  pounds  of  coal  per  hour  per  horse-power,  would  re- 
uire  63,000  gross  tons  of  coal  per  hour. 

Windmills. — The  following  table  will  give  an  idea  of  the  eapac- 
ty  of  windmills  when  the  velocity  of  the  wind  is  16  miles  per  hour : 


■• 

1 

Ham.  of 

Revolu- 
tions per 
minute. 

Gallons  of  water  per  minute  raised  to  a  height  of— 

Equiv. 
linrfip- 

wheel. 

25  feet. 

50  feet. 

75  feet. 

100  feet. 

150  feet. 

200  feet. 

power. 

3J  feet. 
10   *' 
12   *' 
14    '* 
16    " 
20   " 

75 
65 
60 
55 
50 
40 

6 
20 
34 
46 
65 
125 

3 

10 
17 
23 
33 
63 

"6.6 
11.3 
15.3 
22.0 
42.0 

"5.0 
8.5 
11.5 
16.5 
41.1 

"5.7 

7.3 

11.0 

21.0 

"5." 
8. 
15. 

.04 
.12 
.21 

.28 
.41 

.77 

Yapors. 

The  mechanh}^}  properties  of  vapor  are  similar  lo  \)[ioa^  o^ 
909  in  general     When  a  vapor  or  gas  is  .contamed  m  a  ^\o^ 
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vessel,  the  inner  surface  of  the  vessel  will  sustain  a  pressure  aris 
from  the  elasticity  of  the  fluid.  This  pressure  is  produced  by 
mutual  repulsion  of  the  particles,  which  gives  them  a  tendenc; 
fly  asunder,  and  causes  the  mass  of  the  fluid  to  exert  a  force  t^ 
ing  to  burst  any  vessel  within  which  it  is  confined.  This  presa 
is  uniformly  diflused  over  every  part  of  the  surface  of  the  veB 
in  which  such  fluid  is  contained.  It  is  to  this  quality  that  all  1 
mechanical  power  of  steam  is  due. 

It  is  well  known  irom  common  observation,  that  liquids,  if  i 
confined  in  close  vessels,  become  transformed  into  a  condition  : 
sembling  gases  at  ordinary  temperatures,  and  then  disappo 
This  transformation  takes  place  in  nearly  all  liquids  more  or  I 
rapidly  at  ordinary  temperatures,  though  in  some  it  takes  pb 
at  a  very  low  temperature  and  at  an  imperceptible  rate  of  eyi 
oration ;  the  lighter  the  specific  gravity,  the  more  rapidly  it  i 
disappear. 

Vapors  differ  from  perfect  gases  in  not  following  Boyle's  la 
All  gases  when  near  their  point  of  liquefaction  cease  to  folk 
this  law  and  become  vapors. 


TABLE 

SHOWING  THE  PRESSURE  OF  SATURATED  VAPOR  IN  ATMOSPHERES^ 

ACCORDING  TO   ZEUNER. 


Atmospherfa 

Temperature  in 

Degrees  Fah., 

Water. 

Atmospheres. 

Temprratube I 
Deobees  Fah, 
Water. 

1 

212° 

6 

SIS-S' 

2 

248° 

7 

329-5<' 

3 

272° 

8 

3390° 

4 

291° 

9 

348-0° 

5 

306° 

10 

3570° 
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TABLE 

}   TKX   PRESSUBB  A. 


FBO 

«  32'"  TO  400° 

FAH. 

■'^^- 

%h^ 

Sq.  inch. 

DlBfav 

F&b.' 

PreHurea 
pheres. 

8q-  luch. 

=: 

32 

0-006 

0-09 

0-00 

73 

0-029 

0-38 

0-02 

33 

0'006 

0-09 

0:00 

74 

0-027 

0-40 

0-01 

34 

O'ooe 

0-09 

0-01 

75 

0028 

0-41 

002 

35 

0-007 

o-io 

0-00 

76 

0-029 

0-43 

003 

36 

0-007 

0-10 

0-01 

77 

0031 

0-46 

0-00 

37 

0-007 

0-11 

0-01 

78 

0-031 

0-46 

0-01 

38 

0-008 

0-12 

0-00 

79 

0-032 

0-47 

0-00 

3S 

0008 

0-12 

0-01 

80 

0-032 

0-47 

0-02 

40 

0-009 

0-13 

0-00 

81 

0-033 

0-49 

0-01 

41 

0-009 

0'13 

001 

82 

0-034 

0-50 

0-03 

42 

0-009 

0-14 

0-00 

83 

0'036 

0-63 

0-01 

43 

0-009 

014 

0-01 

84 

0037 

0-54 

0-03 

44 

0-010 

0-15 

0-00 

85 

0-039 

0-57 

0-03 

45 

0-010 

0-15 

0-01 

86 

0041 

0-60 

0-02 

46 

'   0-01 1 

0-16 

O'OO 

87 

0-042 

062 

0-01 

47 

0-011 

016 

0-01 

88 

0-043 

0-63 

0-02 

48 

0-011 

0-17 

0-00 

89 

0-044 

0-65 

003 

49 

0-011 

0-17 

O'Ol 

90 

0-046 

0-68 

0-oa 

50 

0-012 

0-18 

0-00 

91 

0048 

0-71 

0-01 

61 

0-012 

0-18 

0-01 

92 

0-049 

0-72 

o-oa 

52 

0-013 

019 

0-01 

93 

0-050 

0-74 

0-02 

53 

0-013 

0-20 

0-01 

94 

0052 

0-76 

0-05 

64 

0-014 

0-21 

0-00 

95 

0055 

0-81 

0-03 

55 

0-014 

0-21 

0-01 

9fl 

0057 

0-84 

0-01 

56 

0-015 

0-22 

0-02 

97 

0-058 

0-85 

0-06 

67 

0-016 

0-24 

0-00 

98 

0001 

0-00 

OOO 

58 

0-016 

0-24 

001 

99 

0-OGl 

O90 

0-03 

59 

0-017 

0-26 

0-01 

100 

0063 

0-93 

O04 

60 

0-018 

0-26 

0-00 

101 

0066 

097 

0-01 

61 

0-018 

0-26 

0-00 

102 

0-007 

0-98 

0-03 

62 

0-018 

0-26 

O02 

103 

0-069 

1-01 

0-05 

0-OlS 

0-28 

OOl 

104 

O072 

106 

0-03 

64 

0-020 

0-29 

ooo 

105 

0-074 

1-09 

0-06 

65 

0-020 

0-29 

0-02 

106 

0-078 

1-15 

o-o: 

0-021 

0-31 

0-01 

107 

0-079 

1-lG 

o-oa 

67 

0022 

0-32 

0-02 

108 

0-080 

1-18 

0-64 

0-023 

0-34 

0-00 

119 

0-083 

1-22 

0-04 

0-023 

0-34 

0-01 

110 

o-oae 

1-26 

0-03 

70 

0-024 

0-35. 

0-00 

0-088 

1-2,9 

0024 

(iOSS     / 

0-3S 
0-37     / 

0-02 

112 

0-091 

\      V^A 

\  tys!. 

I'h 

0-01 

113 

0-093 

\       \Sl 

Y^s-WS 
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TABLE—  (OcnUiwued,) 


Pressures 

Pressures 

Differ- 
ences. 

Temp. 
Fah. 

Preflsures 

PresBuies 

DU^ 

Temp. 
Fah. 

in  Atmos- 
pheres. 

in  Lbs.  per 
Sq.  Inch. 

in  Atmos- 
pheres. 

inLh8.per 
Sq.  Inch. 

^ 

1 

114 

0-095 

1-40 

0-07 

167 

0*300 

4-41 

0D9 

115 

0-100 

1-47 

0-03 

158 

0-306 

4-60 

GDI 

116 

0-102 

1-50 

0-04 

159 

0-308 

4-53 

0-14 

117 

0-105 

1-54 

0-03 

160 

0-318 

4-67 

0-11- 

118 

0-107 

1-57 

0-08 

161 

0*325 

4-78 

0-11 

119 

0112 

1-65 

0-03 

162 

0-338 

4-97 

0-10 

120 

0-114 

1-68 

0-04 

163 

0-345 

6-07 

0-11 

121 

0-117 

1-72 

0-06 

164 

0-363 

6-19 

0-U 

122 

0-121 

1-78 

0-04 

165 

0-361 

6-31 

O-H 

123 

0-124 

1-82 

0-05 

166 

0-371 

6-46 

0-11 

124 

0-127 

1-87 

.0-04 

167 

0-379 

6-67 

0« 

125 

0-130 

1-91 

0-09 

168 

0-387 

6-69 

o-u 

126 

0-136 

2-00 

0-04 

169 

0-396 

6-82 

0-11, 

127 

0139 

2-04 

0-05 

170 

0-406 

6-95 

O-U 

128 

0-142 

2-09 

0-06 

171 

0-416 

6-10 

0-lS 

129 

0-146 

215 

0-05 

172 

0-425 

6-26 

0-11 

130 

0150 

2-20 

0-06 

173 

0-436 

6-41 

•o-is 

131 

0-154 

2-26 

0-06 

174 

0-446 

6-64 

0-10 

132 

0-158 

2-32 

0-06 

175 

0-455 

6-69 

o-u 

133 

0-162 

2-38 

0-06 

176 

0-466 

6-86 

o-u 

134 

0-166 

2-44 

0-09 

177 

0-476 

7-00 

0-16 

135 

0-172 

2-53 

0-04 

178 

0-488 

7-16 

Oil 

136 

0-175 

2-57 

0-09 

179 

0-501 

7-36 

o-u 

137 

0-181 

2-66 

0-03 

180 

0-613 

7-64 

O-u 

138 

0183 

2-69 

0-12 

181 

0-521 

7-66 

O-u 

139 

0-191 

2-81 

0-07 

182 

0-531 

7-81 

0-17 

140 

0-196 

2-88 

006 

183 

0-543 

7-98 

O-U 

141 

0-200 

2-94 

0-07 

184 

0-556 

8-17 

O-u 

142 

0-205 

3-01 

0-08 

185 

0-569 

8-36 

O-u 

143 

0-210 

3-09 

0-10 

186 

0-581 

8-54 

O-u 

144 

0-217 

3-19 

0-04 

187 

0-593 

8-72 

0-17 

145 

0-220 

3-23 

0-09 

188 

0-605 

8-89 

O-U 

146 

0-226 

3-32 

0-08 

189 

0-618 

9-08 

Oil 

147 

0-231 

3-40 

0-10 

190 

0-631 

9-29 

Oil 

148 

0-238 

3-50 

0-10   1 

191 

0-646 

9-60 

Oil 

149 

0-245 

3-60 

0-09 

192 

0-661 

9-72 

o-n 

150 

0-251 

3-69 

0-02 

193 

0-676 

9*94 

Oil 

151 

0-259 

3-81 

009    i 

194 

0-691 

10-16 

OiO 

152 

0-265 

3-90 

0-08 

195 

0-705 

10-36 

0-21 

153 

0-271 

3-98 

0-11    ! 

196 

0-719 

10-67 

Oil 

154 

0-278 

4-09 

0-10   : 

197 

0-734 

10-79 

Oil 

/  155   ) 

0-2Sb     , 
0-289     \ 

419 

0-06 

198 

^    0-749 

H-01 

Oil 

/  ^^^  : 

4-25 

016 

r^^ 

\    Q-1^\ 

\    \Via 

.Oil 
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TABLE— {Qmtinued,) 


Pressnres 

PreBSures 

Dlflbr- 
ences. 

Temp. 
Fah. 

PreMorei 

Pressures 

Differ- 
ences. 

in  Atmosr 
pheres. 

* 

in  Lbs.  per 
Sq.  Inch. 

in  Atmos- 
pheres. 

in  Lbs.  per 
Sq.  Inch. 

• 

0-770 

11-45 

0-12 

243 

X-794 

26-37 

0-47 

0*787 

11-57 

0-26 

244 

1-826 

26*84 

0-49 

0-804 

11-82 

0-43 

246 

1-859 

27-33 

0-60 

0-833 

12-25 

0-26 

246 

1-893 

27-83 

0-61 

0-850 

12-50 

0-24 

247 

1-928 

28-34 

0*60 

0-867 

12-74 

0-27 

248 

1-962 

28-84 

0*52 

0-885 

13-01 

0-28 

249 

1-997 

29-36 

0-61 

0-904 

13-29 

0-28 

250 

2-032 

29-87 

0-63 

0-923 

13-67 

0-28 

251 

2-068 

30-40 

0*63 

0-942 

13-85 

0-28 

252 

2-104 

30-93 

0-64 

0-961 

14-13 

0-29 

253 

2-141 

31-47 

0-66 

0-981 

14-42 

0-28 

254 

2-179 

32-03 

0-67 

1-000 

14-77 

0-30 

256 

2-217 

32-60 

0-66 

1-020 

15-00 

0-29 

256 

2-256 

3316 

0-66 

1040 

15-29 

0-31 

257 

2-294 

33-72 

0-69 

1-061 

15-60 

0-32 

258 

•   2-334 

34-31 

0*69 

1-083 

15-92 

0-31 

269 

2-374 

34-90 

0-60 

1-104 

16-23 

0-31 

260 

2-416 

35-60 

0-60 

1-125 

16-54 

0-32 

261 

2-456 

36-10 

0-62 

1-147 

16-86 

0-32 

262 

2-498 

36-72 

0-63 

1-169 

17-18 

0-33 

263 

2-541 

37-35 

0-63 

1191 

17-51 

0-35 

264 

2-584 

37-98 

0-64 

1-215 

17-86 

0-34 

265 

2-627 

38-62 

0-64 

1-238 

18-20 

0-34 

266 

2-671 

39-26 

0-67 

1-261 

18-54 

0-35 

267 

2-716 

39-93 

0-66 

1-285 

18-89 

0-35 

268 

2-761 

40-59 

0  67 

■     1-309 

19-24 

0-37 

269 

2-807 

41-26 

0-69 

1-334 

19-61 

0-37 

270 

2-854 

41-95 

0-69 

1-359 

19-98 

0-38 

271 

2-901 

42-64 

0-71 

1-385 

20-36 

0-44 

272 

2-949 

43-35 

0-71 

1-415 

20-80 

0-40 

273 

2-997 

44-06 

0-72 

1-442 

21-20 

0-39 

274 

3-046 

44-78 

0-75 

1-469 

21-59 

0-42 

275 

3-097 

45-53 

0-73 

1-497 

22-01 

0-41 

276 

3147 

46-26 

0-75 

1-525 

22-42 

0-41 

277 

3-198 

47-01 

0-77 

1  -553 

22-83 

0-43 

278 

3-250 

47-78 

0-77 

1-582 

23-26 

0-44 

279 

3-303 

48-55 

0-80 

1-612 

23-70 

0-42 

280 

3-357 

49-35 

0-79 

1-641 

24-12 

0-43 

281 

3-411 

50-14 

0-81 

1-670 

24-55 

0-44 

282 

3-466 

50-95 

0-81 

1-700 

24-99 

0-45 

283 

3-521 

51-76 

0-81 

1-731 

25-45     , 
23-90     / 

0-4.5    j 

284 

3-576 

5^-57 

y  Q-^*!  ^ 

}'7S^    / 

0-47  // 

285    , 

3-632 

5S*a9 

\  Q-^4. 

180 


THE    engineer's     HANDT-BOQK. 


TABLE  —  (QmHnwsd.) 


Temp. 
Fah. 

Pressures 

Pressures 

Differ- 
ences. 

Temp. 
Fah. 

Pressaies 

Pressores 

in  Atmos- 
pheres. 

in  Lbs.  per 
Sq.  Inch. 

in  Atmos- 
pheres. 

in  Lbs.  per 
Sq.  Inch. 

286 

3-689 

54-23 

0-85  ' 

329 

6-945 

102-09 

287 

3-747 

55-08 

0-87 

330 

7-043 

103-53 

288 

3-806 

55-95 

0-88 

331 

7-141 

104-97 

289 

3-866 

56-83 

0-88 

332 

7-239 

106-41 

290 

3-926 

57-71 

0-90 

333 

7-338 

107-87 

291 

3-987 

58-61 

0-91 

334 

7-437 

109-32 

292 

4-049 

59-52 

0-93 

335 

7-536 

110-78 

293 

4-112 

60-45 

0-92 

336 

•  7-638 

112-28 

294 

4-175 

61-37 

0-94 

337 

7-741 

113-79 

295 

4-239 

62-31 

0-96 

338 

7-846 

116-34 

296 

4-304 

63-27 

0*97 

339 

7-962 

116-89 

297 

4-370 

64-24 

0-98 

340 

8-060 

118-48 

298 

4-437 

65-22 

1-00 

341 

8-169 

120-08 

299 

4-505 

66-22 

1-02 

342 

8-279 

121-70 

300 

4-574 

67-24 

1-01 

343 

8*389 

123-32 

301 

4-643 

68-25 

1-02 

344 

8-500 

124-95 

302 

4-712 

69-27 

1-03 

345 

8-612 

126-60 

303 

4-782 

70-30 

1-04 

346 

8-724 

128-24 

304 

4-853 

71-34 

1-06 

347 

8-838 

129-92 

305 

4-925 

72-40 

1-07 

348 

8-953 

131-61 

306 

4-998 

73-47 

1-09 

349 

9-070 

133-33 

307 

5072 

74-56 

1-10 

350 

9-189 

135-08 

308 

5-147 

75-66 

1-12 

351 

9-310 

136-86 

309 

5-223 

76-78 

1:13 

352 

9-433 

138-67 

310 

5-300 

77-91 

116 

353 

9-556 

140-47 

311 

5-379 

79-07 

116 

354 

9-680 

142-30 

312 

5-458 

80-23 

1-18 

355 

9-804 

144-12 

313 

5-538 

81-41 

119 

356 

9-929 

145-96 

314 

5-619 

82-60 

1-20 

357 

10-p55 

147-81 

315 

5-701 

83-80 

1-22 

358 

10-182 

149-68 

316 

5-784 

85-02 

1-22 

359 

10-311 

161-57 

317 

5-867 

86-24 

1-24 

360 

10-442 

163-50 

318 

5-951 

87-48 

1-23 

361 

10-575 

155-45 

319 

6035 

88-71 

1-27 

362 

10-710 

157-44 

320 

6-121 

89-98 

1-28 

363 

10-847 

169-45 

321 

6-208 

91-26 

1-29 

364 

10-985 

161-48 

322 

6-296 

92-55 

1-31 

365 

11-123 

163-51 

323 

6-385 

93-86 

1-32 

366 

11-262 

165-55 

324 

6-475 

95-18 

1-34 

367 

11-401 

167-59 

325 

6-556 

96-42 

1-35 

368 

11-542 

169-67 

326 

6-658 

97-87 

1-37 

369 

11-684 

171-75 

/  327   1 
328     . 

d'lbl      , 

99-24 

1-40 

370 

11-829 

173-89 

6'84Q      \ 

100-64 

1-45  \ 

p. 

y  W^l^ 

.    176-06 

\                    N 

THE    ENOINEER^S    HANDY-BOOK.  131 


CHAPTER  VII. 

WATBB. 

Pure  water  is  composed  of  hydrogen  and  oxygen  in  the  pro- 
ivtions  of  two  measures  of  hydrogen  to  one  of  oxygen,  or  one 
|it  of  hydrogen  to  8  of  oxygen ;  or  oxygen,  89  parts  by  weight, 
id  by  measure  1  part;  hydrogen,  by  weight,  11  parts,  and  by 
tattore,  2  parts;  but  pure  water  is  not  attainable,  nor  is  it  to  be 
ttnd  in  the  laboratory  of  the  chemist.  Fortunately,  however, 
be  water  is  not  necessary,  nor  even  desirable,  for  either  house- 
iM  or  manufacturing  purposes ;  because  the  presence  of  air  and 
lier  gases  adds  very  materially  to  the  ease  with  which  steam 
■y  be  generated,  while  the  ammonia,  which  most  water  contains, 
iproves  it  for  manufacturing  purposes. 

The  specific  gravity  of  all  waters  is  not  the  same.  Sea  water 
iries  from  1-0269  to  1*0285,  the  mean  being  1*0277,  thus  requir- 
g  34*9741  cubic  feet  of  sea  water  to  make  one  ton,  and  about 
i  feet  of  fresh  water.  Water  is  heavier  at  night  than  during  the 
ly,  owing  to  the  higher  temperature  of  the  air  in  the  daytime, 
bich  makes  the  water  less  dense. 

Water  at  the  temperature  of  its  maximum  density  is  taken  as 
«  standard  of  specific  gravity  for  solids  and  liquids. 
General  Properties  of  Water. — It  is  tasteless,  odorless,  and 
ilorless,  a  poor  conductor  of  heat  and  electricity  and  practically 
compressible.     It  absorbs  most  gases  readily  and  dissolves  a  vast 
unber  of  solids  and  liquids.    It  exists  in  nature  in, all  three  phys- 
ll  conditions,  solid,  liquid,  and  gaseous,  and  is  readily  changed 
to  ice  into  water  and  steam  by  the  application  of  heat. 
If  we  take  a  WBter  thermometer  and  expose  it  to  t\ve  coVdi,  '^^ 
2/  observe  the  following  curious  phenomenon.     TVie  \\c\yi\di  m'i^ 
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gradually  descend  until  it  reaches  the  temperature  of  39.2®  I 
at  this  point  the  contraction  will  cease ;  and,  although  the 
acting  on  the  bulb  is  far  below  this  point,  the  liquid  will  g 
ually  ascend  until  it  reaches  32°  Fah.,  or  freezing  point,  wht 
will  solidify.  The  point  at  which  the  liquid  commences  to  as< 
is  called  its  "  point  of  maximum  density." 

One  of  the  most  curious  phenomena  connected  with  w 
before  and  after  freezing,  may  be  demonstrated  as  follows :  Tal 
tall  jar  and  fill  it  with  water,  say  at  60^  Fah. ;  at  the  top  of 
jar  ^x  a  small  mercurial  thermometer,  and  another  one  at 
bottom  ;  then  place  the  jar  at  rest,  exposed  to  the  cold.  The  1( 
thermometer  will  be  observed  to  fall  more  rapidly  than  the 
one,  until  it  reaches  39*2°  Fah.,  when  it  will  remain  station 
The  top  thermometer  will  now  fall,  and  continue  to  do  so  i 
the  water  freezes ;  the  bottom  thermometer  still  remaining  at  3 
Fah.  These  effects  are  easily  explained:  the  particles  of  ^ 
at  the  top  being  exposed  to  the  cold,  decrease  in  temperature, 
becoming  denser,  and  fall  to  the  bottom,  their  places  being  ti 
up  by  warmer  particles,  which  in  their  turn  undergo  the  fi 
change,  until  the  whole  volume  has  completely  circulated, 
attained  a  temperature  of  39'2°  Fah.  The  particles  now,  ins 
of  becoming  denser,  actually  expand,  and  so  remain  at  the 
until  a  thin  layer  of  ice  is  formed.  This  is  exactly  what  t 
place  in  our  lakes  and  ponds  during  every  frost ;  the  circulfl 
continues  until  the  whole  mass  attains  the  temperature  of  3 
Fah.,  when  it  is  gradually  and  finally  arrested;  a  thin  laye 
ice  is  then  formed  at  the  top,  acting  as  a  cloak  to  the  inte 
which,  remaining  always  at  39*2°  Fah.,  preserves  the  animals 
fishes  from  the  action  of  intense  cold. 

Were  it  not  for  this  fact,  our  lakes  and  rivers  would  al 

frozen  at  the  bottom,  and,  as  water  is  a  bad  conductor  of  1 

they  would  in  time  be  converted  into  a  solid  block  of  ice,  w 

would  defy  the  hottest  rays  of  a  tropical  sun  to  melt.     Thu 

see  that  such  a  wise  provision  of  Nature  depends  entirdy  o 

apparent  exception  to  a  umversa\\aN?,\iVi\^\&  «ft  ^\^^^ 
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squires  the  most  delicate  experiments  to  detect  it.  The  freezing 
oint  of  a  liquid  is  almost  invariably  the  same  as  its  melting 
loint ;  that  is,  if  we  cool  a  liquid  below  its  melting  point,  it  will 
»ecoroe  solid.  There  are,  of  course,  many  exceptions  to  this,  and 
rren  water  has  been  known  to  be  cooled  down  to  4^  Fah.  without 
Veezing.  To  effect  this,  however,  water  most  be  kept  perfectly 
till,  as,  with  the  least  vibration,  congelation  commences,  and  the 
wnperature  will  instantly  rise  to  zero. 

When  a  substance  solidifies  or  freezes,  there  is  always  a  change 
if  volume,  which  usually  is  a  contraction ;  but,  in  the  case  of  water, 
m  expansion  takes  place.  The  expansion  of  water  at  the  freezing 
aoint  is  by  no  means  gradual,  but  takes  place  almost  instantane- 
kosiy,  and  the  amount  of  force  exerted  at  the  time  is  enormous. 
h  has  been  demonstrated  by  actual  experiments,  that  in  freezing, 
Rater  exerts  a  pressure  of  about  30,000  lbs.  per  square  inch,  which 
br  surpasses  the  strain  that  any  of  our  machinery  could  bear. 

TABLE 

IHOWING    THE   BOILING  PbiNT   FOB   FRESH  WATER  AT  DIFFERENT   ALTI- 
TUDES ABOVE  SEA-LEVEL. 


Boiling  Point 
in  D^.  Fah. 

Altitude 
above  Sea- 
Level  in  Feet 

Boiling  Point 
in  Deg.  Fah. 

Altitude 

above  Sea- 

Level  in  Feet. 

Boiling  Point 
in  Deg.  Fah. 

Altitude 
above  Sea- 
Level  in  Feet. 

1840 

15,221 

1950 

9,031 

.     206O 

3,115 

185 

14,649 

196 

8,481 

207 

2,589 

186 

14,075 

197 

7,932 

208 

2,063 

187 

13,498 

198 

7,381 

209 

1,539 

188 

12,934 

199 

6,843 

210 

1,025 

189 

12,367 

200 

6,304 

211 

512 

190 

11,799 

201 

5,764 

212          Sea-Level  =  0 

191 

11,243 

202 

5,225 

192 

10,685 

203 

4,697 

Below  Sea-Level 

193 

10,127 

204 

4,169 

213                 511 

194 

9,579 

205 

3,642 

SpeciHo  Heat  of  Water, — Water  has  the  greatest  a^ec\^cV^«^ 
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of  all  knowu  substances  except   bromine  and  hydrogen,  and  i 
taken  as  the  standard  of  specific  heat  for  all  liquids  and  soli 
The  specific  heat  of  ice  is  one-half  that  of  water,  or  .5 

Water  boils  in  the  open  air,  at  sea-level,  at  212°  F. ;  and 
vacuum  at  88°  F.  The  less  the  pressure  of  the  atmosphere, 
lower  is  the  temperature  at  which  water  will  boil. 

By  observing  the  boiling-point  of  water  with  a  thermometer 
two  different  places  we  can  measure  with  a  fair  degree  of  accui 
their  difference  in  height. 

Salt  water  boils  at  a  higher  temperature  than  fresh,  owing  toil 
greater  density,  and  because  the  boiling-point  of  water  is  inci 
by  any  substance  that  enters  into  chemical  combination  with 
Mud  and  other  substances,  so  long  as  they  are  kept  in  mechanu 
solution,  will  not  increase  the  boiling-point  of  water ;  when  tl 
substances  settle,  and  burn  to  the  interior  of  the  boilers,  the 
ing-point  will  be  increased.     The  density  of  water  decreases  asl 
temperature  increases,  since  heat  destroys  cohesion  and  ex] 
the  particles,  causing  them  to  occupy  greater  space.     The  poi 
of  water  to  hold  chemical  substances,  such  as  salts  of  lime,  in 
lion,  decreases  as  the  temperature  increases ;  from  this  it  folic 
that  boilers  carrying  high-pressure  steam  form  more  scale 
those  working  at  low  temperatures. 

Decomposition  of  Water. — By  an  electric  current  from 
or  more  battery  cells  water  may  be  decomposed  into  its  cow 
ents,  oxygen  and  hydrogen.     By  filling  a  glass  and  inverting 
while  filled  in  the  vessel  of  water  in  which  the  terminals  of 
electric  circuit  are  placed,  we  can  collect  the  bubbles  of  gas,  eiti 
oxygen  or  hydrogen,  according  to  which  terminal  we  place 
inverted  glass  over.     [Care  must  be  taken  in  handling  the  hyc 
gen,  as  it  is  explosive  and  any  considerable  quantity  is  liable 
do  damage.] 

We  can  rccombine  the  two  elements  to  form  water  [in  the  forJ 
of  steam]  by  burning  hydrogen  in  a  jet  surrounded  by  a  jar  ol 
oxygen. 
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Weight  of  Water  at  DiFFEifbNT  Tempebatubes. 


shpkratube, 
Fah. 

Weight  op  a. 

Cubic  Foot 

IN  Lbs. 

Tehperatube, 
Fah. 

Weight  op  a. 

Cubic  Foot 

IN  Lbs. 

40° 

62-408 

172° 

60-72 

42° 

62-406 

182° 

60-55 

62° 

62-377 

192° 

60-28 

62° 

62-321 

202° 

60-05 

72° 

62-025 

212° 

59-82 

82° 

62-015 

230° 

59-37 

92° 

62-004 

250° 

58-85 

102° 

61092 

275° 

58-17 

112° 

61-078 

300° 

57-42 

122° 

61-063 

350° 

55-94 

132° 

61-047 

400° 

54-34 

142° 

61-030 

450° 

52-70 

152° 

61-011 

500° 

51-02 

162° 

60092 

600° 

47-64 

luoyancy. — When  a  substance  which  weighs  more  per  cubic 
,  than  water  is  placed  in  it,  it  sinks  and  displaces  a  quantity 
j?ater  equal  to  its  volume.     If  a  body,  lighter  per  cubic  foot 
Q  water,  is  placed  in  it,  it  will  float,  sinking  in  the  water  to 
b  a  depth  that  it  displaces  an  amount  of  water  equal  in  weight 
ts  own  weight.     Recollecting  that  liquids  transmit  and  exert 
ssure  in  all  directions,  it  will  be  seen  that  a  floating  body  is 
osed  to  the  following  forces,  tending  to  raise  or  lower  it. 
St.  Its  weight  tending  to  lower  it. 
d.  The  atmospheric  pressure  tending  to  lower  it. 
d.  The    upward    pressure  due    to  the   atmosphere    pressing 
down  on  the  exposed  surface  of  the  liquid,  and  hence 
being  transmitted  through  the  water  so  as  to  press  up 
just  the  same  amount  as  the  atmosphere  presses  down 
on  the  upper  surface  of  the  body, 
bh.  The  upward  pressure  due  to  the  water  that  has  been  d\s^\«^ce.^» 
'jce  No.  3  balances  No,  2,  No.  4  must  balance  15 o.  1. 
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TABLE 

8HOWINO  THE  QUANTITY  OF   WATEB   PER   JJTKEAIj   FOOT   IK    PUM 
VERTICAL  PIPES  OF  DIFFERENT  DIAMETERS. 


Diameter 
of  Pump 
in  Inclieg. 

Number  of 
Gallons 

Number  of 
Cubic  Feet 

Diameter 

Nnmber  of 
Gallons 

Nnml 
Cubic 

per  Lineal 
Foot. 

per  Lineal 
Foot. 

of  Pump 
in  Inches. 

per  Lineal 
Foot 

perl 

Fo 

2 

•136 

•0218 

8 

2-176 

-34 

2k 

•172  • 

•0276 

.8i 

2-314 

•37 

2i 

•212 

•0340 

8} 

2-466 

-38 

2} 

•257 

•0412 

81 

2-608 

•41 

3 

•306 

•0490 

9 

2-754 

'44 

3i 

•359 

•0576 . 

9i 

2-909 

-46 

3i 

•416 

•0668 

91 

3-068 

•4S 

31 

•478 

•0766 

91 

3-232 

-51 

4 

•544 

•0872 

10 

3-400 

-54 

4k 

•614 

•0985 

lot 

3-572 

•67 

4i 

•688 

•1104 

lOi 

3-748 

•6( 

41 

•767 

•1230 

10} 

3-929 

•K 

5 

•850 

•1363 

11 

4-114 

•6£ 

5} 

•937 

•1503 

lU 

4-303 

•6£ 

5J 

1-028 

•1649 

Hi 

4-496 

■Tx 

5} 

M24 

•1803 

Hi 

4-694 

-7f 

6 

1-224 

-1963 

12 

4-896 

-7f 

6} 

1^328 

-2130 

12} 

5-312 

•St 

6i 

1-436 

-2304 

13 

6-746 

-95 

6J 

1-549 

•2489 

13} 

6-196 

-9{ 

7 

1-666 

-2672 

14 

6-664 

l-0( 

7} 

1-787 

•2866 

15 

7-650 

2-25 

7i 

1-912 

•3067 

16 

8-704 

1-3$ 

7i 

2-042 

-3275 

18 

11-016 

l-7( 

One  cubic  foot  of  water  weighs  62i  lbs.,  and  contains  7} 

gallons. 

One  cubic  foot  of  ice  weighs  57  lbs. 
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TABLE 

SHOWrjG   THE  CAPACITY  OP   CISTERNS   IN   GALLONS   FOB    EACH   10-1 


DEPTH. 


Diameter 
IN  Feet. 

Gallons. 

Diameter 
IN  Feet. 

GaU/ONS. 

Diameter 
IN  Pbbt., 

Oaixohi. 

2- 

19-5 

6-5 

206-8 

12 

705- 

2-5 

30-5 

7- 

239-8 

13 

827-4 

3- 

44-6 

7-5 

275-4 

14 

959-7 

3-5 

59-97 

•8- 

313-3 

16 

1101-6 

.      4- 

78-33 

8-5 

353-7 

20 

1958-4 

4-5 

99-14 

9- 

396-6 

25 

3059-9 

5- 

122-4 

9-5 

461-4 

30 

4406-4 

5-5 

148-1 

lo- 

489-6 

35 

5990- 

6- 

176-2 

ll- 

592-4 

40 

7831- 

Rule  joT  finding  the  quantity  of  water  which  any  square  or 
'tangular  box  or  tank  is  capable  of  containing  in  cubic  feet  or  Ri 
gallons, — Multiply  the  length  of  the  side  by  the  length  of  the 
and  by  the  depth,  all  in  inches.     Divide  this  product  by  1' 
this  quotient  will  be  the  number  of  cubic  feet  of  water  the 
will  contain.     To  find  the  number  of  U.  S.  gallons,  multiply 
number  of  cubic  feet  by  7-5. 

Rule  for  finding  the  cubical  contents  of  a  triangular  tank. — 1 
tiply  the  length  of  the  base  of  the  triangle  by  half  its  perpendici 
height  and  by  the  length  of  the  tank,  all  in  inches.  Divide 
product  by  1728  ;  this  quotient  will  be  the  number  of  cubic  feet 
water  the  tank  will  contain.  To  find  the  number  of  U.  S.  gallc 
n^ultiply  the  number  of  cubic  feet  by  7*5. 

Rule  for  finding  the  contents  of  an  elliptic  or  oval  tank  in 
feet  or  gallons. — Multiply  the   long  diameter   in   inches  by 
short  diameter  in  inches,  this  product  by  '7854,  and  this  last  ppodl 
by  the  height  of  the  tank  in  inches ;  then  divide  by  1728,  and 
result  will  he  the  contents  of  the  tank  m  cwblc  feet,  which,  if : 
Ued  by  7'5,  gives  the  number  oi  \S.  ^.  g,«I^\Qtka'\iv.^2aft\jN^ 
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'  of  Water.  Head. — If  we  take  a  tank  containiDg  water, 
article  of  water  in  the  bottom  layer  is  subjected  to  a  uni- 
ressure  equal  to  the  weight  of  a  column  of  water  whose 
is  the  distance  from  the  bottom  of  the  tank  to  the  level  of 
«r  in  the  vessel.  The  height  of  this  column  of  water  which 
es  the  pressure  is  always  called  the  "  head,"  and  a  head  of 
ly  feet  always 'produces  a  definite  pressure.  Thus,  if  the 
f  water  in  a  tank  is  12  feet,  there  is  a  pressure  on  each 
inch  of  the  bottom  equal  to  the  weight  of  a  column  of  water 
long  and  1  square  inch  in  section.  This  column  will  have 
X 1,  or  144  cubic  inches,  or  one-twelfth  of  one  cubic  foot, 
light  of  one  cubic  foot  at  92°  F.  and  at  atmospheric  pressure 
J,  as  given  in  a  previous  table,  62  pounds.  The  weight  of 
umn  is  therefore  one-twelfth  of  62  pounds,  or  5^  pounds, 
is  is  the  pressure  per  square  inch  due  to  a  head  of  12 


following  table  gives  the  pressures  corresponding  to  vari- 
ids  at  62°  F. 


f  i/ 


Pressure 
in  pounds. 

,    .4328 

.    .9656 

1.2984 

1.7312 

2.1640 


:..:: 3.0296 

3.4624 

3.8952 


Head  Pressure 

in  feet.  in  pounds. 

10  4.328 

20  9656 

30  12.984 

40  17.312 

50  21.640 

60  25.968 

70 S0.296 

80  34.624 

90 38.952 


he  pressure  in  pounds  per  square  inch  is  proportional  to 
id,  it  follows  that  to  get  the  pressure  corresponding  to  100 
multiply  the  pressure  at  10  feet  head  by  10.  The  press- 
e  to  67  feet  is  equal  to  the  pressure  due  to  50  plus  the 
e  due  to  7  feet. 
Tipfe — Wba^  will  he  the  pressure  due  to  a  Wad  oi  VI^*\ 
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Pressure  due  to  1000  feet  =  100  times  that  of  10  feet »  432.8 
"  <*      200   **    =  10    "  "     20  "   -  96.56 

"  "        80  "    =   34.624 

"  "     7   "    =   : 3.029 


t( 


1287   **    = 


667.013 


To  change  from  pounds  pressure  to  the  equivalent  head 
following  table  calculated  for  62°  F. 


Pressure 
in  pounds. 

1 

2 

3  . 

4 

6  . 

6  . 

7  . 

8  . 

9  . 


Head 
in  feet. 

2.31 

4.62 

6.93 

9.24 

11.55 

13.86 

16.17 

18.48 

20.79 


Pressure 

in  pounds. 

10 

20  . 
30  . 
40  . 
50  . 
60  . 
70  . 
80  . 
90      . 


Example. — What  head  of  water  will  produce  a  pressure 
pounds  per  square  inch  ? 

100  pounds  will  be  produced  by  a  head  of  23.1  x  10  or    231.0  f 
20      '*  "  "   .         "  "  46.2 

6     "  "  "  "  "  13.86 

126      "  •  " 


tt 


u 


291.06 


Flow  from  an  Orifice  In  Bottom  of  Tank. — Here  the  p 
coming  out  are  under  a  head  equal  to  the  height  of  watei 
tank.  It  is  supposed  that  this  level  is  kept  constant.  The  ii 
at  which  they  fall  is  the  same  as  a  drop  would  acquire  if 
held  at  the  upper  surface  of  the  water  and  let  fall  to  the 
From  the  first  chapter  of  this  book  this  velocity  equals  the 
root  of  2  X  32.2  x  the  head.  This  is  the  velocity  if  there  ^ 
friction  at  the  mouth  of  the  orifice,  but  in  practice  the  \ 
will  be  actually  only  62  per  cent,  of  the  value  above  given 
following  rule  is  the  most  Convenient :  To  obtain  the  veloei 
/riven  head  in  feet  multiply  the  6c\v\aTQi  tc^q\.  qC  the  head  b] 
t/ie  result  will  be  the  velocity  \n  ^eet  \>^t  ^q^cc^w^. 
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Example. — ^A  tank  has  a  hole  in  the  bottom  and  water  is 
mped  into  it  so  as  to  keep  always  five  feet  depth.  At  what 
bcity  will  the  water  come  out? 

From  the  table  of  square  roots,  the  square  root  of  5  is  2.236 ;  mul- 
dying  by  5  we  obtain  11.1*6  feet  per  second  as  the  velocity  of  flow. 
The  quantity  of  water  in  cubic  feet  per  minute  flowing  out  of 
ke  above  tank  is  equal  to  the  velocity  multiplied  by  the  area.  If 
to  hole  had  a  diameter  of  4  inches,  the  area  will  be  12.5664 
inches,  or  .872  square  foot.  The  velocity  is  11.16x60,  or 
1.6  feet  per  minute,  and  the  number  of  cubic  feet  of  water 
iping  per  minute  is  .872  x  669.6  =  583.89  cubic  feet  per  minute. 
>w  from  Orifioe  in  the  Side  of  Tank.— In  this  case  the  par- 
at  the  upper  part  of  the  hole  have  a  less  head  and  less  velocity 
those  at  the  lower  part.  The  following  table,  taken  from  the 
logue  of  the  Pelton  Water  Wheel  Company,  gives  the  quan- 
in  cubic  feet  of  water  discharged  per  minute,  through  an  ori- 
le  one  inch  square,  under  any  head  of  water  from  3  to  72  inches : 


For  Tank  Measurement 

k 

CnMcFer;* 
liiueb'd 

minute. 

DiaeWKed 
permlnate. 

nRAtn  TN 

WCHEB. 

CoUo  feet 

Maeh'dper 

mlmue 

BRADS  m 
IMCHEB. 

Cable  feet 
Dtucharsvd 
per  minute. 

HKAOSUr 

ucan. 

Cublclboi 
l»ach-d 

nunute. 

U2 

17 

8^1 

81 

8.36 

45 

4.05 

69 

4.63 

1.27 

18 

2.58 

88 

8.41 

46 

4.09 

60 

4.65 

1' 

1.40 

19 

2.64 

88 

8.47 

47 

4.12 

61 

4.72 

1.52 

20 

271 

84 

8.52 

48 

4.18 

62 

4.74 

1.64 

21 

2.78 

88 

SJ57 

49 

4.21 

68 

4.78 

1.75 

2t 

%M 

86 

8.62 

60 

A37 

64 

4.81 

1^ 

28 

2J0 

87 

8.67 

51 

4.30 

66 

4.85 

1.94 

24 

2.97 

88 

8.72 

68 

434 

66 

4.89 

KiSf 

2.03 

26 

Sj08 

89 

8.77 

68 

4.39 

67 

4.92 

2J2 

28 

&08 

40 

8.81 

64 

4.42 

68 

4.97 

2^ 

27 

sa4 

41 

3.86 

66 

4.46 

69 

5.00 

F" 

ijaa 

98 

ZJ20 

48 

8.91 

66 

4.52 

70 

5.08 

W^ 

SJ86 

2.     1 

flLSS     J 

iS 

8.95      J 

67 

4.55 

\'' 

\  wn 

ESrl 

X^/ 

##    / 

**••../ 

.^     1 

_4JM^      1     It^    1 

4.&8 

\     .^ 

\    «<(» 
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Example  Showing  the  Application  ot  the  Preceding  Tabic 

Suppose  the  opening  to  be  36  iuchee  long  and  2  inchee  high, 
the  heud  of  water  above  the  opening  25  incbeB.  Multiply 
length  36  by  2,  the  height  of  the  opening,  and  it  giyes  72, 
ferring  to  the  preceding  table,  oppoeite  25  inch  bead  will  befi)i 
3.03.  This  multiplied  by  72  givEs  218.16,  tbe  number  of  a 
feet  of  water  passing  through  the  opening  per  minuta 

Flow  of  Water  through  Pipes. — The  values  of  velocity  i 
quantity  per  second  will  differ  somewhat  according  aa  the  ftp 
old  or  uuw,  owing  to  the  different  amounts  of  friction  of  the  wi 
against  the  walla  of  the  pipe.  The  friction  produces  a'loM 
pressure  or  head,  and  the  amount  of  head  lost  is  proportioni 
the  length  of  pipe.  Tbe  following  tables,  showing  the  loss  of  b 
by  friction  in  each  100  feet  iu  length  of  different  diameters  of  j 
when  discharging  the  following  quantities  of  wat«r  per  mlnut^ 
taken  from  the  Pelton  Water  Wheel  Company'ii  catalogue : 


Loss  OF  Head  in  Pipe  by  Frictioh, 
luldc  DlfUBcter  of  Pipe  In  In«ta«a. 


. 

s 

4 

5 

t«d 

^' 

&v 

ill 

Li 

.l!- 

L± 

■ff: 

.^"l 

SL 

& 

SL 

<^    .E 

'.2 

u 

~~M 

li 

3M 

~T, 

"5 

10* 

m\ 

\v 

1 

rial 

s 

^i 

!8I8 

i 

S 

IM 

I'aa' 

!bis 

»J 

.»( 

i 

1  !oo 

r.a 

1,!S 

V» 

1  .M 

l.W 

las 

% 

1  .io 

i« 

1    80 

aios 

«!,7 

.-» 

12.30 

s-h 

MS 

1   .M 

Ko 

]■» 

i.fli 

15? 

hsa 

6M 

1  .SO 

til 

l.!4 

liS 

1  .10 

aw 

t.tr 

l.M 

.0 

1   .70 

a.oB 

m.2 

iM 

\  iJ 

1:?' 

?:?o 

% 

g 

41.1 
4U 

s 

S0.3 

Ml"'" 

i^/ 

'^^ 

i" 

(.10 

ixt 

»A 

\t5V 

\^\ 

x-s. 

Ul 

«VB. 
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tmaUv  IHKiBBlcr  »r  Pipe  In  InehM. 


■ 

r 

'^f 

H. 

'^' 

"W 

'^*' 

"E'" 

ir 

'"^ 

si 

sa 

■8 
40 

m 
u 

IN 

no 
» 

■2.0 

»9 

Mb 

M.I 

sois 

JMD 

'.m 

1,95 

nil 

D.3 
83.7 

'i 
f 
1 

M. 

3M 
Mi 

.80 

01. 
Ofl. 

It 

1±2, 

.157 

.ni 

JW 
!483 

1 

f 

i 

i 

05. 

1 

83. 
W. 

1 

3 'so 
1« 

m'o 

«[ 
1, 

f. 

S8. 

2 

J34 
MH 

JIM 

.464 
l.OSB 

1 

iso; 

IM. 
17». 

IM. 
207. 

335. 
Ul 

am! 

rnpfe.— Have  200  feet  head  and  600  feet  of  11  inch  pipe, 

ig  119  cubic  feet  of  water  per  minute.  To  find  effective 
In  right  hand  column  under  11  hicb  pipe,  find  119  cubic 
)posite  this  will  be  found  the  coefficient  of  friction  for  this 
t  of  water,  which  is  .444.  Multiply  this  by  the  number  of 
«1  feet  of  pipe,  which  ia  6,  and  we  will  have  2.66  feet,  which 
OSS  of  head.     Therefore,  the  effective  head  is  200  -  2.66  - 


er  Power — Rule  for  finding  the  horse-power  of  waterfalls. — 
ly  tlie  area  of  the  cross-section  of  the  waterfall  in  feet  by  its 
y  in  feet  per  minute ;  this  product  will  give  the  number  of 
feet  flowing  through  per  minute.  Multiply  this  by  621 
I,  the  number  of  pounds  in  a  cubic  foot  of  water.  Multiply 
*t  product  by  the  fall  in  feet,  and  divide  by  33,000.  The 
it  will  be  the  horae-power  of  the  waterfall. 
mpk. — Given  a  stream  or  flume  10  feet;  depth, 4feet;  area 
K-seetion,  40  feet;  velocity  in  feet  per  minute,  1.50.  Then 
■0-6,000  cubic  feet  of  wider  per  minute;  ft,00Qxfe1\  = 
0  poaada  of  water  per  miaute.      10  x  375,000  =^,T5Q)&Wl 
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foot-pounds  of  the  waterfall;  3,750,000  +  33,000-113^  h 
power  of  the  waterfall. 

The  above  rule  gives  the  theoretical  horse-power,  but 
power  developed  by  a  wheel  would  be  less  than  this.  The  i 
ber  of  horse-power  obtained  would  be  from  70  to  85  per  cen 
the  above  value,  depending  on  the  size  and  type  of  wheel  U8e< 

The  following  table  does  away  with  the  last  part  of  the  cal( 
tion  and  gives  the  horse-power  for  each  cubic  foot  of  water  u 
different  heads,  with  a  wheel  efficiency  of  85  per  cent.,  so 
after  obtaining  the  number  of  cubic  feet  and  the  head  it  is 
necessary  to  look  up  the  number  corresponding  to  the  head 
multiply  it  by  the  number  of  cubic'feet  per  minute. 


Hesd» 

HoiM  Power 

Heads 
in  Feet 

Hone  Power. 

• 

I 

.0016098 

320 

•515186 

20 

.032196 

830 

.631284 

SO 

.048294 

840 

.647838 

40 

J064392 

860 

.663430 

60. 

.080490 

860, 

.67952S 

60 

.096588 

870 

.696626 

70 

.112686 

880 

.011724 

80 

•128784 

890 

.627822 

«0 

.144892 

400 

.648920 

100 

.160980 

410 

.660018 

110 

.177078 

420 

.676116 

120 

.193176 

430 

.692214 

330 

.209274 

440 

.708312 

140 

.225372 

450 

.724410 

150 

.241470 

460 

.740608 

160 

.257668 

470 

.766606 

170 

.273666 

480 

.772704 

180 

.289764 

490 

.788802 

190 

.305862 

600 

.804900 

200 

.321960 

620 

.837096 

210 

.338058 

640 

.869292 

220 

.364156 

660 

.901488 

230 

.370254 

680 

.933684 

240 

.386352 

600 

.966880 

250 

.402450 

650  • 

1.046370 

260 

.418548 

700 

1.126860 

270 

.434646 

,   750   1 

1.207350 

280      I 

.450744 

\   ^QQ 

290      I 

.466842 

\   Wi(i 
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CHAPTER  VIII. 

j 

STEAM.  \ 

Steam  is  an  elastic  fluid  resulting  from  the  combination  of  1 
with  water,  and,  when  the  steam  is  not  in  contact  with  the 
from  which  it  is  formed,  it  follows  the  same  general  law 
other  gases.    This  law  is  as  follows :  All  gases  expand  by  heat : 
part  of  their  volume  for  every  degree  Fah.,  while  their 
pressure  remains  unaltered,  and  so  long  as  the  temperature 
gas  remains  unaltered,  its  elastic  pressure  will  vary  invei 
the  volume. 

The  temperature  of  the  steam  is  always  equal  to  that  of 
water  from  which  it  is  formed,  and  the  elastic  force  of 
formed  is  equal  to  the  pressure  under  which  it  is  formed, 
elastic  force  of  st^am,  barometej*  at  30°,  at  212°  Fah.,  is  one 
mosphere,  or  14*7  lbs.  per  sq.  inch;  while  at  260°  Fah.  its  el 
force  is  two  atmospheres,  or  29*4  lbs.  per  sq.  inch.     This  iacli 
the  pressure  of  the  atmosphere. 

If  the  mercury  be  in  a  vacuum,  the  pressure  of  steam  due 
temperature  of  212°  Fah.  will  equal  30  inches,  and  for  a 
due  to  a  temperature  of  250°  Fah.  it  will  equal  60  inches; 
if  the  mercury  be  exposed  to  the  atmosphere,  the  pressure  di 
250°  Fah.  will  only  equal  30  inches  of  mercury,  and  for 
Fah.  there  is  no  indication  by  a  mercury  gauge,  as  steam  at 
just  balances  the  atmospheie. 

Saturated  steam  is  the  vapor  formed  &om  water  at  a 
temperature  and  pressure,  and  either  remaining  in  contact  witkj 
water,  or,  if  not  in  contact,  withdrawn  from  any  further 
At  a  given  temperature  it  always  exerts  a  certain  pressure. 
Superheated  steam  is  produced \>7  \»^5Jm^«a^^x\^\RA^*«M^ 
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ng  it  to  a  higher  temperature  than  that  corresponding  to  the 
are  at  which  it  was  generated. 

dinary  steam  coming  from  the  boiler  has  suspended  in  it 
te  particles  of  watery  and  the  percentage  which  the  weight 
is  moisture  bears  to  the  weight  of  the  steam  varies  with  the 
ure  as  well  as  the  individual  boiler,  but  runs  approximately 
Hows : 

e  pressure 60    70    80    90    100    110    120    130    140    150 

ent.  moisture 3.2   3.5   3.8    4.1     4.4     4.6     4.8     5.1     5.3     5.5 

• 

ry  saturated  steam  is  steam  only,  without  any  such  water  par- 
i  in  mechanical  suspension. 

lie  latent  heat  of  steam  is  heat  that  is  neither  sensible  to  the 
b,  nor  can  it  be  indicated  by  the  thermometer.  The  existence 
is  latent  heat  in  water,  while  in  the  form  of  steam,  may  be 
ed  by  the  following  illustration :  If  5J  pounds  of  water,  at 
P.,  are  placed  in  a  vessel  communicating  with  another,  in 
h  water  is  kept  at  212°  F.,  and  kept  there  till  the  former 
les  a  temperature  of  212°  F.,  and  then  weighed,  it  will  be 
i  to  weigh  6i  pounds,  showing  that  1  pound  of  water  has 
added  to  the  5i  pounds  in  the  form  of  steam.  This  pound 
ater,  received  in  the  form  of  steam  had,  when  in  that  form,  a 
erature  of  212°  F.  It  still  possesses  the  same  temperature  of 
F.,  showing  that  it  has  parted  with  5}  times  the  number  of 
368  of  temperature  between  32°  and  212°,  which  is  180,  and 
L80  =  990°.  This  heat  was  combined  with  the  steam,  but  not 
I  sensible  to  the  thermometer  is  called  latent;  in  this  connec- 
5i  is  taken  as  a  convenient  number;  5.37  is  more  accurate, 
we  observe  the  time  that  a  certain  amount  of  heat  takes  to 
water  from  32°  to  212°,  no  matter  what  the  time  may  be,  it 
take  5}  times  as  long  for  the  same  heat  to  evaporate  the 
amount  of  water.  It  follows,  that  to  evaporate  water  under 
ressure  of  the  atmosphere  requires  5J  times  as  much  heat  as 
d  be  necessary  to  raise  the  same  amount  from  ^^^  Y.  \*o 
R 
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TABLE 


BHOWINO  THE  STEAM  PBESSUBE  IN  POUNDS  FEB  OATJOB;  THE  AS 
PBE8SUBE  IN  POUNDS  AND  INCHES  OP  MEBCUBY;  THE  TEMPEB 
THETOTAIi  HEAT  IN  STEAM  PEB  POUND ;  THE  LATENT  HEAT  PEB  : 
THE  HEAT  OF  THE  WATEB;  THE  BELATIVE  VOLUME^  AND  WB» 
STEAM  PEB  CUBIC  FOOT,  FOB  VABIOUS  PBESSUBES. 


Pressure 

per 
Gauge. 

Total 
lbs. 

51 

Inches  of 
Mercury. 

Temper- 
ature, 
Fah. 

Total  Heat 
per  lb. 

Latent 

Heat 

per  lb. 

Heat  iv 
Water 
per  lb. 

RelatiTe 
Yolnme. 

( 

36-304 

103  84 

28210 

1198-98 

915-74 

284-24 

498-89 

37-3W 

52 

105-87 

283-32 

1200-35 

914-86 

285*50 

489-85 

38-304 

53 

107-91 

284-53 

1200-72 

913-99 

286-73 

481  15 

39-304 

54 

109-94 

285-72 

1201-08 

91313 

287-95 

472-77 

40-304 

55 

111-98 

286-89 

1201-44 

912-29 

28915 

464*69 

41-304 

56 

114-02 

288-05 

1201-80 

911-46 

290-34 

456-90 

42-304 

57- 

116-05 

28911 

1202-14 

910-64 

291-50 

449-38 

43  304 

58 

118-09 

290-32 

1202-49 

909-83 

292-65 

442*12 

44-304 

59 

120-12 

291-42 

1202-82 

909-03 

293-79 

435-10 

45-304 

60 

12216 

292-52 

1203-16 

908-25 

294-91 

428-32 

46-304 

61 

l!i4-19 

293-60 

1203-49 

907-47 

296  02 

421-75 

47-304 

62 

126-23 

294-66 

1203-81 

906-70 

297-11 

415-40 

48-304 

63 

128-27 

295-71 

1204-13 

905-95 

298-18 

409*25 

49-304 

64 

130-30 

296-75 

1-204-45 

905-20 

299-25 

403-29 

50-304 

65 

132-34 

297-78 

1204-76 

904-46 

300-30 

897*61 

1 

51-304 

66 

134-37 

298-79 

1205-07 

903-73 

301-34 

391*90 

52-304 

67 

136-41 

299-79 

1205-38 

903-01 

802-37 

386*47 

53-304 

68 

138-45 

300-77 

1205-68 

902-30 

803-38 

381*18 

54-304 

69 

140-48 

301-75 

1205-97 

901-60 

S04-37- 

376-06 

55-304 

70 

142-52 

302-72 

1206-27 

900  90 

805-37 

371-07 

56-304 

71 

144-55 

303-67 

1206-56 

900-21 

306-35 

366-24 

57  304 

72 

146-59 

804-62 

1206-85 

899-53 

307-32 

861-53 

58-304 

73 

148-63 

305-55 

1207-13 

898-85 

308-28 

356-95 

59-304 

74 

150-66 

306-47 

1207-42 

898-19 

309-23 

352-49 

60-304 

75 

152-70 

307-39 

1207-69 

•  897-53 

310-16 

34815 

61-304 

76 

154-73 

308-29 

1207-97 

896-88 

311-09 

343-93 

62-304 

77 

156-77 

309-18 

1208-24 

896-23 

312-01 

339-81 

63-304 

78 

158-81 

310-07 

1208-51 

895-59 

312-92 

335-81* 

W-304 

79 

160-84 

310-94 

1208-78 

89495 

313-82 

381-89 

65-:i04 

80 

162-88 

311-81 

1209-04 

894-33 

31471 

328*08 

66-304 

81 

164-91 

312-67 

1209-30 

893-71 

315-59 

324-87 

67-304 

82 

166-95 

313-52 

1209-56 

893-09 

316-47 

320*74 

68-304 

83 

168-99 

314-36 

1209-82 

892-49 

317-33 

317*20 

69-:^ 

84 

171-02 

31519 

121007 

891-88 

318-19 

313-74 

70-304 

85 

17306 

316-02 

1210-33 

891-29 

319-04 

810*86 

71-304 

86 

175-09 

316-84 

1210-58 

890-6^ 

319-89 

307-07 

72-304 

87 

17713 

317-65 

1210-83 

89011 

320-72 

303-85 

73-304 

88 

179-17 

318-45 

1211-07 

889-52 

321-54 

300-70 

74-3CU 

89 

181-20 

319-25 

1211-31 

888-95 

322-36 

297-62 

75-304 

90 

18.')-21 

32004 

1211-55 

888-38 

32317 

294-61 

76-304 

91 

18.V27 

320-82 

1211-79 

887-81 

323-98 

291-66 

77-304 

92 

187-31 

3'-'l-58 

1212-03 

887-25 

324-78 

288-78 

78-304 

93 

189-35 

3'22-36 

1212-26 

886-69 

325-57 

285*96 

7y-:^)4 

94 

191-38 

32813 

1212-49 

886-13 

326-36 

283*21  • 

80-3(^4 

95 

193-42 

323-88 

1212-72 

885-59 

327-13 

280-50 

,     8130-i    1 

Dt) 

195-45 

324-63 

1212-95 

885-(V4 

327-91 

277*86 

'    82:^)4 

97 

197-49 

3*25-38 

l-^A^-lft 

\    ^V^ 

I    328-68 

275*27 

H33(H 

98 

lOO'iS 

3'2(Vll 

\     12\'.V4V> 

\    Vi^\«n 

\  *jaar^& 

\  'mrU 

I 

Sl-.HM 

99 

20156 

326-^ 

\     V2Vi-iY.\ 

\      «!^\U 

\  ^aft-\^ 

\*?sc^\ 

S5  3(H     11 

00    1 

20360 

327-57 

I     V1V6'•^^ 

\     «^'l-*-3i\ 

.  \    *JK\"^ 
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TABLE 

THE  STEAM  PBESSUBE  IN  POUNDS  PER  GAUGE ;  THE  ABSOLUTE 
RE  IN  POUNDS  AND  INCHES  OP  MERCURY ;  THE  TEMPERATURE : 
>TAIi  HEAT  IN  STEAM  PER  POUND ;  THE  LATENT  HEAT  PER  POUND ; 
EAT  OF  THE  WATER;   THE  RELATIVE  VOLUA'e  AND  WEIGHT  OF 

PER  CUBIC  FOOT,  FOR  VARIOUS  PRESSURES. 


Inches  of 
Mercury. 


205*64 
207-67 
209-71 
211-74 
213-78 
215-82 
217-85 
219-89 
221-92 
223-96 
225-99 
228-03 
230-07 
23210 
23414 
236-17 
238-21 
240-25 
242-28 
214-32 
246-35 
248-39 
250-43 
252-46 
254-50 
256-54 
258-57 
260-61 
262  64 
264-68 
266-72 
268-75 
270-79 
272-82 
274-86 
276-89 
278-93 
280-96 
283-00 
285-04 
287-07 
289-11 
291-15 
293-18 
295-22 
297-25 
299-29 
301-83 
303-36 
305-40    I 


Temper- 
ature, 
Fah. 

328-29 
829-00 
829-71 
330-42 
331-11 
331-80 
332-49 
33317 
333-85 
334-52 
33519 
335-85 
336-51 
33716 
337-81 
338-46 
33910 
339-73 
340-37 
340-99 
341-62 
342-24 
342-85 
343-46 
34407 
344-68 
845-28 
345-87 
346-46 
347-06 
347-64 
348-23 
348-80 
349-38 
349-95 
350-52 

•351-09 
351-75 
352-21 
362-76 
363-32 
353-87 
354-42 
354-96 
355-50 
356-04 
356-57 

36710 

357'6S 
35816 


Total  Heat 
per  lb. 

1214-07 
1214-28 
1214-50 
1214-71 
1214-93 
1215-14 
1215-35 
1215-55 
1215-76 
1215-97 
121617 
1216-38 
1216-58 
1216-77 
1216-97 
1217-17 
1217-36 
1217-56 
1217-75 
1217-94 
121813 
1218-32 
1218-51 
1218-69 
1218-88 
121907 
1219-25 
1219-43 
1219-61 
1219-79 
1219-97 
1220-15 
1220-32 
1220-50 
1220-67 
1220-85 
122102 
1221-19 
1221-36 
1221-53 
1221-70 
1221-87 
1222-04 
1222  20 
1222-37 
12*2203 
12L>26y 

122302 
122318 


Latent 

Heat 

per  lb. 

882-39 
881-87 
881-35 
880-85 
880-34 
879-84 
879-34 
878-84 
878-35 
877-86 
877-38 
876-90 
87642 
875-94 
875-47 
87500 
874-54 
874-07 
873-61 
873-15 
872-70 
872-25 
871-80 
871-35 
870-91 
870-47 
87003 
869-60 
86916 
868-74 
868-31 
867-88 
867-46 
86704 
866-62 
866-21 
865-79 
865-38 
864-97 
864-56 
8G416 
868-76 
8()3-;^ 
862-96 
862-57 
86217 
8^)1-78 
8^)1-39 

860-62 


Heat  in 
Water 
per  lb." 

331*68 

832*41 

833*15 

333*86 

834*59 

335*30 

336*01 

336*71 

837*41 

338-11 

838-79 

839-48 

340-16 

340-83 

341*50 

34217 

342-83 

343-49 

344-14 

344-79 

345-43 

34607 

346-71 

347-34 

347-97 

348-60 

349-22 

349-83 

350-45 

351-06 

351-66 

352'27 

352-86 

353-46 

354  05 

a54-64 

ai5-23 

355-81 

356-39 

356-97 

357-54 

35811 

358-67 

359-24 

359-80 

360-36 

360-91 

361-46 

362-01 

362-56 


Relative 
Yolume. 


265*81 

263-07 

260-77 

258*52 

256-31 

254*14 

25201 

249-92 

247-87 

245-86 

243-88 

241-94 

240-03 

23815 

236-31 

234-60 

232-70 

231-00 

229-30 

227-56 

226-00 

224-40 

222-80 

221-20 

219-50 

218-20 

216-70 

215-20 

213-70 

212-07 

210-90 

209-50 

208-10 

206-70 

205-18 

204-10 

202-80 

201-50 

200-20 

198-78 

197-80 

196-60 

195-40 

194-20 

192-83 

l<il-90 

190-80 

189-10 

188-60 

181*'2I6 


Weight 

per 
Cub.  Ft. 

*28605 
23715 
•23924 
•24132 
-24340 
•24548 
•24756 
•24968 
•25169 
•25875 
•25581 
•25786 
•25991 
•26204 
•2640b 
•26611 
•26^16 
•270-20 
•27224 
•27421 
-27628 
-27828 
•28027 
-28227 
•28422 
•28625 
•28824 
•29023 
•29222 
•29419 
-29618 
•29816 
•30013 
•30209 
-30406 
•30601 
-30796 
•30990 
•31186 
•31385 
-31586 
•31788 
-31990 
•32190 
-3-2354 
•?fK)^   \ 
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The  values  given  by  different  authors  for  the  relative  volui 
and  weight  of  steam  differ  somewhat.  Those  in  the  tables  d 
sufficiently  accurate. 

Condensation. — When  steam  condenses  into  water  the 
heat  of  vaporization  is  given  up  to  surrounding  air  and  obj 
and  afterward  the  heat  in  the  liquid  is  likewise  given  out 

Use  of  the  Tables. — The  following  example  will  serve  \ 
illustrations :      "  I 

What  is  the  gauge  pressure  corresponding  to  the  pressure^ 
the  atmosphere  ?     Afis.  Zero  pounds  at  sea  level. 

What  is  the  absolute  pressure  of  the  atmosphere  or  preasid 
above  the  vacuum  ?    Atis.  14.7  pounds. 

What  height  of  mercury  column  corresponds  to  36  pounds  afav 
lute  or  21.3  pounds  gauge?     Ans,  73. 296  inches. 

What  is  the  temperature  of  saturated  steam  at  this  presBun 
A71S.  260.83°  F. 

What  will  one  cubic  foot  of  steam  weigh  at  this  temperatun 
Ans.  .08987  pound. 

How  much  more  heat  will  it  take  to  raise  one  pound  of  wal 
from  32°  to  183°  than  from  32°  to  153°  ? 

Ans,  Heat  in  water  at  183°  =  183  heat  units. 

"    153°  =  153.4      "  nearly. 

Difference   equals   29.6   heat  units.     To  heat  10  pounds  wooi 
require  296  heat  units  more. 

How  much  more  coal  would  it  require  to  raise. one  pound j 
water  to  steam  at  100  pounds  absolute  than  to  steam  at  15  poanl 
absolute  ? 

Ans.  Total  heat  1  pound  steam  at  100  pounds  =  1213.85 

1  "  "     15       "  1178.91 


units  to  raise  from  1 5  to  100  lbs.      34.94 
3194  is  nearly  3  per  cent,  of  1178.91 ;  therefore  it  will  take 
per  cent,  more  coal. 

The  tables  show  why  the  exliaust  steam  from  an  engine  at,  sij 

'^ pounds  pressure  is  nearly  as  ^ood  iot  \\^.'a\AXi^  \»wt''^wafis  as  \m 

steam  from  the  boiler  at  100  pouivda,\  ^oww^«X»^  ^wsl\A'^^^ 


THE     engineer's     HANBY-^BOOK. 


153 


K  having  a  total  heat  in  it  of  1180  units  nearly,  while  at  100 
wnds  gauge  pressure  the  total  heat  is  only  1216  units. 
Flow,  of  Steam  from  an  Ofiflce.— When  the  pressure  of  the 
|eun  is  more  than  1.7  times  atmospheric  pressure  the  following 
iUe,  takeu  from  D.  K.  Clark,  applies :  ' 


Outflow  of  Stbam  into  the  Atmosphebe. 


ttsoiote   Initial 
i    prtsfturt      in 

External     pres- 
sure   In    lbs. 

Ratio  of  expa^i- 

sian  In  noula. 

Velocity  of  out- 
flow at   con- 

Actual, velocity 
of  outflow,  ex- 

Discharge    per 
sq.  In  of  ori- 

r   lbs.parsq.  in. 

per  sq.  in. 

stant  density. 

fice  per  min. 

h    '^ 

Lbs. 

Ratio. 

Ft  per  sec. 

Ft  per  sec. 

Lbs. 

25.37 

14.7 

1.624 

863 

1401 

22.81 

30 

14.7 

1.624 

867 

1408 

26.84 

^      40 

147 

1.624 

874 

1419 

35.18 

45 

14.7 

1.624 

877 

1424 

39.78 

50 

14.7     ' 

1.624 

880 

1429 

44.06 

60 

14.7 

1.624 

885 

1437 

52.59 

70 

14.7 

1.624 

889 

1444 

61.07 

75 

14.7 

1.624 

891 

1447 

65.30 

90 

14.7 

1.624 

895 

1454 

77.94 

100 

14.7 

1.624 

898 

1459 

86.34 

115 

14.7 

1.624 

902 

U66 

98.76 

135 

14.7 

1.624 

906 

1472 

115.61 

155 

14.7 

1.624 

910 

1478 

132.21 

165 

14.7 

1.624 

912 

1481 

140.46 

215 

14.7 

1.624 

919 

1493 

181.58 

Flow  of  Steam  in  Pipes. — Mr.  George  H.  Babcock,  in  "  Steam," 
^ves  the  following  method  and  tables  by  which  can  be  deter- 
ftined  either  the  number  of  cubic  feet  per  minute  which  can  be 
lassed  through  different  sized  pipes  for  a  given,  loss  in  pressure, 
)r  what  will  be  the  loss  of  pressure  owing  to  friction  in  different 
ized  pipes  for  different  rates  of  flow. 

Flow  of  Steam  through  Pipes. — The  approximate  weight  of 
toy  fluid  which  will  flow  one  minute  through  any  given  pipe  with 
*  given  head  or  pressure  may  be  found  by  the  following  formula : 


W=  87 


/ 


y 


x~ 


y 
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ia  which  W  =  weight  JD  pounds  avoirdupoie,  d  —  diameter  i 
inches,  D  ^  denBity  of  weight  per  cubic  foot ;  pi  the  initial  pra 
lire,  p,  pressure  at  end  of  pipe,  and  L  =  the  length  in  feet. 

The  following  table  gives,  approximately,  the  weight  of  rt 
per  minute  which  will  flow  from  various  initial  presBUixs,  with 
pound  loss  of  pressure  through  straight,  smooth  pipes,  each  bavi^ 
a  length  of  240  times  its  own  diameter. 

For  sizes  of  pipe  below  6-iiich,  the  flow  ia  calculated  froi 
actual  areas  of  "  standard  "  pipe  of  such  nominal  diameters. 

For  horse-power,  multijily  the  figures  in  the  table  by  2.  Ft 
any  other  loss  of  pressure,  multiply  by  the  square  root  of 
given  loss.  For  any  length  of  pipe,  dimde  2^0  by  the  given  irt 
expressed  in  diameters,  and  multiply  the  figures  in  the  table  Jj  I 
square  root  of  this  quotient,  which  will  give  the  flow  for  1  poa 
loss  of  pressure.  Conversely,  dividing  the  given  length  by  24 
will  give  the  loss  of  pressure  for  the  flow  given  in  the  table. 

Table  of  Flow  of  Steam  theouqb  Pipes. 


£    'i 

Dlttmrter  of  Pipe  In  lucbea.    Length  ofCBCb  -24fi  cUnnielen. 

X   1     .     1  «   1      !      1     «     1      ■      1      '      1      »      1      •      1      ■     1 

Weight  of  Steam  per  minute  in  pounds,  with  (iiie  Pound  loss  of  praBUi. 

30...  . 

i.i£ 

i'i 

\ 

■ii 

?| 

IS 

IS 

lit 

i 

5:: 

1 

51 

'% 

;■« 

il 

Vill 

'i~ 

;:^:Ji 

i 

g:: 

e! 

"0 

=.*^ 

.J.o 

3°.  37 

*%-T 

7S-«, 

"«" 

W" 

The  lo:«  of  Lend  due  to  getting  up  the  velocity,  to  the  fricdl* 

of  tlic  steam  entcriiip  t!ie  pipe,  and  passing  elbows  and  v«1t* 

will  reduce  the  flow  given  in  the  tables.     The  resistance  atlfc* 

o/ipniug,  and  that  at  a  globe  va\ve,  are  wiOa  *V»A  the  gainei' 

e/j.tt  for  It  length  of  pipe  equal  to  \14  4\amfe\fttt  ft:v)S&«&>:i^  ».■«» 


THE    enqinbbb's    handy-bOok.  165 

■  represented  by  1  +  (3.6  +  diameter).    For  the  sizes  of  pipes 
'en  in  the  table,  these  correBpoiiding  lecgtlis  are : 

I    1     I   Ij   I    2    12i  I    3    I    4    I    5    I    6    I    8  TTol  12  |   IS  p 


I  25  1  34  I  41  I  47  I"  52  I  60  [  66  I  71  I  79  |  84  |  88  |  92  |  95 
The  rcBistance  at  an  elbow  ia  equal  to  3  that  of  a  globe  valve. 
i€8e  equivalents — for  opening,  for  elbows,  and  for  valves — 
Qst  be  added  in  each  instance  to  the  actual  length  of  pipe. 
huB  a  4-inch  pipe,  120  diameters  (40  feet)  long,  with  a  globe 
Jve  and  three  elbows,  would  be  equivalent  to  120  +  604  (3x40) 
360  diametere  long;  and  360'!-,240-U.  It  would  therefore 
ive  11  pounds  lose  of  pressure  at  the  flow  given  in  the  table,  or 
diver  (1+ v/Tl  =.816),  81.6  per  cent  of  the  steam  with  the 
mie  (1  pound)  loaa  of  pressure. 

Equivalent  Sizes  os  Pipe. 
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Steam  Pipes — Sizes. — ^For  engines  the  average  practice  is 
to  have  steam  pass  through  the  supply  pipes  at  a  velocity 
than  6000  feet  per  minute,  and  sizes  run  about  as  follows : 

Diameter  of  pipe V        V        4'^        h''        6'^        1'' 

Horse-power  of  engine 25         50       100        150       225       300 

To  calculate  the  mains  the  preceding  table  from  "  Steam  " 
be  used.     The  upper  part  of  the  -  table  above  the  diagonal  wl 
space  refers  to  standard  sizes  or  nominal  inside  diameters, 
lower  part  is  for  actual  inside  diameters.    The  table  tells 
many  pipes  of  one  size  are  equivalent  to  one  pipe  of  another 

Example  of  Use  of  Table. — Suppose  we  have  3  engines, 
of  50  horse-power  and  two  of  25  horse-power.     What  size 
steam  pipe  shall  we  use  ?     If  the  main  were  exceedingly  long, 
might  have  to  calculate  it  by  the  preceding  article  on  FixM 
Steam;  but  for  mains  of  ordinary  length  proceed  as  follows: 

Assume  that  the  50- horse-power  engine  has  a  3''  pipe  and  tM 
25  horse-power  a  2"  pipe.     From  the  table  one  3"  pipe  eqmri 

Showing  Radiation  Due  to  Babe  and  Covered  Pipes,  ihim 

Saving  Due  to  Coverings. 


KINDS  OF  COVERING. 


B  are  Pi pe 

Magnesia ^ „- 

Hock  Wool 

Mineral  Wool 

Fire  Felt 

Manville  Sectional 

Manville  Sectional   and 

Hair  Felt 

Manville  Wool  Cement.. 
Champion  Mineral  Wool, 

Hair  Felt 

PJ/ey  Ccmen  t 

'^^ssiJ  Meal 


R  <7«  E 
.3.  ^  S  4* 


2.7059 
.3838 
.2556 
.2846 
.5023 
.3496 

.2119 
.3448 
.3166 
.4220 
.9531 
.8787 


•a  w  «  i. 

4f  •:  <b  s 

W  (7  4;  E 
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.003107 
.000432 
.000285 
.000311 
.000591 
.000409 

.000243 
.000410 
.000364 
.000472 
.001089 
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635,801 
670,666 
662,957 
603,389 
645,174 

682,930 
646,488 
654,197 
625,376 
479,960 


$110.81 

116.90 

115.66 

105.17 

sll2.45 

119.08 
112.68 
114.01 
109.00 
88.66 
87.20 
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i  2-incli  pipes.  The  main  needs  to  be  equal  to  seven  2''  pipes, 
(king  again  in  the  table  opposite  2  we  find  that  a  4"  pipe  is 
al  to  6.47  2-inch  pipes,  and  the  size  to  use  will  be  the  next 

larger,  or  4}". 

limensions  of  steam  pipe  will  be  found  in  the  chapter  on 
terials.     See  index. 

J088  by  condensation  in  steam-pipes  is  very  considerable 
ess  coverings  are  employed.  The  preceding  table,  taken  from 
lios,  shows  the  gain  in  using  pipe  coverings,  assuming  the  cost 
coal  at  $2.50  per  ton»  the  cost  of  firing  12  cents  per  hour,  and 
evaporation  of  7  pounds  of  water  per  pound  of  coal  burned. 


QUBdnONS. 

What  is  the  difference  between  heat  and  temperature  ? 
How  would  you  measure  the  number  of  heat  units  in  a  body  ? 
What  are  the  name  and  general  principle  of  the  instrument 
»d  for  measuring  temperature  ? 

What  is  the  difference  between  the  Fahrenheit  and  the  centi- 
rade  scales  ? 

What  18  the  difference  between  melting  point  and  boiling  poiut  ? 
What  is  the  absolute  zero  of  temperature? 
What  is  the  mechanical  equivalent  of  heat  ? 
How  many  pounds  of  water  will  be  raised  1  degree  Fahren- 
eit  by  expending  1  horse-power  on  the  water  for  the  period  of 
bour  ? 

What  is  latent  heat  ? 

What  is  the  relation  between  total  heat,  latent  heat  of  vaporiza- 
ioD,  and  the  heat  of  the  liquid? 
In  what  three  ways  is  heat  transferred  ? 
Give  the  meaning  of  the  term  fuel. 
Give  the  component  parts  of  various  kinds  of  fuel. 
Give  the  comparative  values  of  various  kinds  of  n<jooA  ^^>t  ^^v^ 
irpose  of  fuel  as  compared  with  coal. 
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'xiv^  rh'T  •rpeiiz'!  leiz  :t  ii:5ir=nE  sal 

Give  i2i»r  !-.C'i:«:r.T-r  zric^rniH*  ic  irSbrsi*  s 

\Vr.a:  L*  ^JL-r  ^r«=?5?ir^  ::  ihe  ai2i«:ffohere  as  5eft4eTel? 
Give  :r.r  r?'rLT.a*rii  ii-:i;^'i:  :f  riie  iizi'iK-bere. 
G:7e  •■•:•=:  if.TT.zr.r^zz  CArts  ;f  iiz:«:epi>rri»*  air. 

.State  th-r  -iir-rrenoir  ::i  Tr-rigr.:  b^rTw^-fen  air.  vaier.  and  meitni 
r>>a  thr:  pressure  •::  :iie  a:z:«:eccere  di^r  in  dif&rent  loci 
tit*? 

I>,  thr  rr-^sure  •::  :h-r  acni'itDhere  oonstanc  in  the  same  localit 
What  ■>.  a  r*:n-rc:  ^-ai  ?     Give  sjce  examples. 

U'r.at  :.-  th-r  'i>::ri':t:o:i  between  a  gaa  and  a  vapor? 

T  ■•'1  J  _  TT  4 

^j:'  v.  r.a:  i.-  '.^r^rer  C'.ri-&i.r5.rii  ani  in  what  ratio  bv  weiffht? 
U'i.;':.';  r.r:-  tr.--  nrr-rater  srieoinc  irnivity.  salt  or  fresh  water? 
Ill  -A hat  thrfrfe  phyiii-a:  stares  d  e*  water  exist? 
IhiffirW)^:  th^:  ^^*i':t  -'.f  heat  on  water. 

Whi'^rh   {:•  heavier.  1  curjic  f>jt  of  water  at  90°  F.  or  1  col 
fo^tfir. -Ur  F.? 

W'h/'it  i-!  rn eaijt  by  the  "  head  "  «"rf  a  liody  of  water? 

f  f ' ; ■//  uMiuw  po u T I d .s  p Fo^.s u re  w i  1 1  be  prod u ced  by  a  head  of 

'f'o  V.  hfit  are  the  tf-inperature  and  the  t-lastic  force  of  steam  equi 
What  i.-.  tfie  diffel^nce  in  the  pressure  of  steam  when  them 
'•II ry  i-  in  a  v;Kuiirn,  or  when  exposed  to  the  atmosphere? 
\Vh;it  in  .-.f^-ani  ? 

\f.  dry,  .-:it.urat<'tl  .-tearri  visible? 

\Vh:if  l;iw  do«H  the  (expansive  property  of  steam  follow? 
What  i.-t  Hiipfrheatcd  steam? 
''  nlii'd  Uia  vacuum? 
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What  is  saturated  steam  ? 

What  is  supersaturated  steam  ? 

What  is  the  total  heat  of  steam  at  212°  F.  ? 

How  is  the  latent  heat  of  steam  foui\d  ? 

When  does  heat  in  steam  become  latent? 

How  would  you  ascertain  what  amount  of  water  is  necessary  to 

ndense  a  given  quantity  of  steam  ? 

What  is  low-pressure  steam? 

Why  is  the  steam  of  salt  water  fresh  ? 

State  the  difference  between  the  latent  and  sensible  heat  of 

jHun  at  different  pressures. 

[state  the  total  heat  and  relative  volume  of  steam  at  different 

^ures. 

\-Ab  the  sensible  heat  in  steam  increases,  does  the  latent  heat 

kcrease? 

In  what  way  does  the  change  affect  the  economy  of  the  steam- 
l^ne? 

What  is  meant  by  the  volume  of  steam  ? 

What  is  the  difference  in  volume  between  water  and  steam  at 
tmospheric  pressure? 

How  much  does  one  cubic  foot  of  steam  at  atmospheric  press- 
le  weigh  ? 

Is  the  effluent  velocity  with  which  steam  of  different  pressures 
bws  into  the  atmosphere  uniform  ? 

State  the  velocity  with  which  steam  at  different  pressures  flows 
Ito  the  atmosphere  or  into  steam  of  a  lower  pressure. 

What  is  the  objection  to  carrying  steam  long  distances  in  pipes 
part  from  the  first  cost  of  the  pipe  ? 

How  would  you  minimize  these  points  as  much  as  possible?   . 

Why  are  not  exhaust  pipes  covered  with  a  jacket  as  well  as 
Te  steam  pipes? 

What  pressure  tvill  saturated  steam  have  if  its  temperature  is 
)0°  F.  ? 


F-A-R/T   TTT. 
BOHjEBS. 

CHAPTER  IX. 
HISTORICAL  AND  DBSORIPTIVB. 

Plain  Cylindrical  Boiler. — ^The  first  boilers  ooDsiated  eflsenl 

of  a  plaia  cylinder  of  east  iron,  set  longitudinally  in  bricb 
The  lower  part  of  the  cylinder  contained  the  water,  the  up] 
part  the  steam.     The  ends  were  usually  made  hemispherical 
increased  strength,  and  the  furnace  was  placed  under  the  boil 
at  cue  end,  consisting  essentially  of  a  series  of  grate  ban  set  il 
a  convenient  distance  from  the  boiler  shelL 

This  type  of  boiler  was  in  use  for  many  years.    It  has,  hoiF 
ever,  two  great  defects.    In  the  first  place,  the  heating  sarbeei 
consisting  of  about  one-half  of  the  surface  of  the  shell,  is  mack 
too  small  compared  to  the  bulk  of  the  boiler,  and  consequeDtl] 
the  gases  pass  from  out  of  the  stack  at  a  very  high  temperatui^ 
wasting  a  large  percentage  of  the  heat  of  combustion.    In 
second  place,  the  scale  formed  in  the  bottom  of  the  boiler, 
where  the  heat  is  most  intense,  makes  a  non-conducting  stratun^l 
which  soon  renders  that  portion  of  the  heating  surface  practically^ 
useless,  besides  having  a  tendency  to  burn  up  the  iron  at  thtfej 
point.     This  latter  defect  has  been  partially  remedied  by  placing 
a  removable  trough  in  the  bottom  of  the  boiler.     The  other  defect, 
naiiioly^  insufficient  heating  surface,  has  been  sufficient,  however, 
to  condemn  this  type  of  boiler,  and  there  are  ^lery  few  in  use  at 
the  nreseiit  time. 

h,  Lancashire,  and  Galloway  Boilers. — The  next  step  in 
ypmeni  was  the  Corm^iU  W\W,  \<\Aa\v  ^\^^t^  of  a  cyl- 
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iiiilrical  shell  with  an  internal  cylindrical  flue  running  the  wholi 
length  of  the  boiler.  The  furnace  is  contained  in  the  flue,  will 
the  grate  bars  at  one  end.  In  order  to  obviate  some  of  the  defecd 
of  this  type  it  has  been  modified  in  many  ways. 

The  Lancashire  boiler,  for  example,  contains  two  internal  flbes 
placed  side  by  side,  for  the  purpose. of  attaining  a  more  perfee^ 
combustion.     The  furnaces  are  fired  alternately,  and  consequent]] 
the  smoke  and  unconsumed  gases  from  the  freshly  fired  fiimi 
are  ignited  in  the  common  flue  (the  two  flues  usually  merge  inl 
one  at  the  back  of  the  bridge  walls)  by  the  heat  of  the  oth< 
furnace. 

A  further  modification  of  this  type  is  the  Galloway  boiler,  whii 
is  still  used  extensively.     In  the  Galloway  type,  which  is  ilh 
trated  in  the  accompanying  cuts,  it  will  be  observed,  that  th< 
are  two  furnaces  placed  side  by  side,  merging  into  a  common  fli 
behind  the  bridge  wall.     The  heating  surface  is  increased  by; 
number  of  conical  tubes,  called  Galloway  tubes,  through  whk 
the  water  circulates,  and  by  corrugating  the  flue  as  shown, 
corrugation  of  the  flue  and  the  Galloway  tubes,  besides  increasi 
the  heating  surface,  also  add  strength  to  the  boiler  and  make 
unnecessary.     The  first  cut  shows  the  internally  fired  type  of 
Galloway  boiler  as  it  is  ordinarily  set.     The  casting  below 
centre  carries  the  weight  of  the  boiler,  and  the  brick  pier  imm( 
ately  behind  it  is  added  for  safety,  in  case  anything  should 
pen  to  the  casting.     The  second  cut  shows  th^  corrugations 
the  Galloway  tubes,  while   the  third  is  a  plan  of  the.  settii 
These  boilers  are  also  frequently  made  with  external  fiimaces. 

The  advantages  claimed  by  the  makers  of  tUe  Galloway  boil 
are  that  every  portion  is  easily  accessible  for  cleaning  and  re] 
that  it  is  so  constructed   that  the  expansion  and  contractioD 
which  it  is  subjected  have  practically  no  deleterious  efiTects;  that! 
can  be  examined  while  in  operation  ;  that  it  gives  dry  steam 
is  safe  and  economical.     All  of  these  claims  are  more  or  less  boi 
out  in  nctuiil  practice,  and  t\\e  \io\\ei  \^  c^x\a.mly  a  very  suc< 
one  hi  many  ways. 
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ire  Tube  Boilers. — The  plain  cylindrical  boiler  has  been 
eloped,  also,  by  placing  tubes  longitudinally  within  the  shell, 
s  class  of  boilers,  which  is  commonly  known  as  "  tubular  boil- 
"  "  return  tubulai:  boilers,"  and  **  fire  tube  boilers,-'  is  without 
ibt  more  common  to-day  than  any  other,  although  certain  dis- 
^antages,  which  will  be  pointed  out  below,  are  causing  its  dis- 
cement,  to  some  extent,  by  the  water-tube  boiler  for  stationary 
•poses.  The  annexed  cut  shows  a  modem  type  of  return 
ular  boiler  as  set  in  brickwork,  the  furnace  being  external  to 

boiler.  The  gases  passing  across  the  bridge  wall  travel  to  the 
r  of  the  boiler,  heating  the  bottom  and  sides  of  the  shell,  thence 
ough  the  tubes  to  the  front,  where  they  enter  the  main  flue 
1  thence  to  the  stack.  The  steam  is  taken  from  the  dry  pipe, 
rirn  at  the  top  of  the  longitudinal  section,  which  is  perforated 
the  top.  The  pipe  shown  at  the  bottom  and  to  the  right  is  for  . 
I  purpose  of  blowing  off  the  contents  of  the  boiler.  In  other 
pects  the  diagram  explains  itself. 

Fhe  cut  on  page  167  shows  another  form  of  boiler  similar  in 
ny  respects  to  the  above,  but  internally  fired.  The  main  dif- 
ences  are  that  the  furnace  in  this  type  is  placed  within  the 
ill  and  consists  of  corrugated  plates  of  steel.  The  gases  pass 
ectly  from  the  fnmace  through  the  tubes  to  the  rear  of  the 
ler,  and  thence  along  the  bottom  and  sides  to  the  front,  where 
y  enter  the  flue.  As  far  as  heating  surface  is  concerned,  the 
ct  is  practically  the  same.  It  will  be  observed,  also,  that  there 
10  dry  pipe  in  the  top  of  the  boiler,  but  in  its  place  a  dome, 
n  which  the  steam  is  taken.     This  feature,  however,  is  not  pecu- 

to  either  of  these  two  types  of  boilers.  The  boiler  illustrated 
his  cut  represents  the  type  used  by  the  Philadelphia  Bureau  of 
ter.    The  following  are  the  principal  dimensiojis  :  The  boiler  is  8 

6  inches  in  diameter  and  20  feet  long.   It  has  90, 4-inch  tubes, 
ox's  corrugated  flues  and  12,  2i-inch  stay  bolts  that  run  from 
d  to  head,  as  shown,  with  nuts  outside  and  inside.     Tbe  \i^\\^x 
;es  are  J-incb  thjck,  the  heads  l-inch,  and  flues  ^^\T\e\\.    "^^ 
?r8  are  all  tested  to  a  pressure  of  215  pounds  per  sc^u^xe  \wc!^ 
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Tubular  boilers  have  many  advaatages.  They  aie  ea 
accessible  for  repairs  and  cleaning,  strong  and  efficient  The  gi 
objection  is  that  any  defect  or  deterioratioil  in  the  shell  whic 
not  discovered  in  time  may  cause  a  serious  exjdoBioQ,  wt 
would  wreck  the  entire  boiler  and  poeeibly  produce  &tal  res 
to  life  and  property.  Many  cases  of  this  kind  have  been  recun 
and  it  is  for  this  reason,  mainly,  that  the  water  tube  boile; 
growing  in  lavor. 

Water  Tube  Boilers. — Of  this  class  there  are  bo  many  dil 
eut  types  in  use  at  the  present  time  that  it  is  difficult  to  select 
to  represent  the  entire  class.  Perhaps  the  most  widely  used,  t 
the  one  which  will  most  nearly  represent  the  entire  class,  is 
Babcock  &  Wilcox,  although  there  are  many  others  which  ( 
equally  good  results.     The  annexed  cut  shows  this  type  of  hoi 


Babcock  Si  Wilcox  Boiler. 


It  consists  cKscntiully  of  a  series  of  wrought-iron  or  sleel  ti 
PUHpcndcd  ill  an  oblique  pot^ition  from  steam  and  water  drunu 
means  iif  vertical  piissagos  at  the  ends,  which  also  serve  to  c 
'•'■ft  tiie.  tiihi'H  nith  each  other.  A  iinid  drum  connects  the  ti 
I  rear  and  lowest  point  of  t\\e  \io\Vt.   tVt  «ii  <ii^T<Lwe)$ 


■?s:eeii*'B  Siii6Y-flooK. 


1  this  type  ora  i 


!  piece  for  eacli  vertical  row  otu 


The  ends  of  tlje  tii1>efr] 


r  being  staggered  ae  sin 
I  into  the  lieaiiorB. 
feerefore  conaiata  of 
vertical  seutiuns  of 
Tirtualiy  iridepend- 
ilther,  except  fur  the 
tjow  to    tbe   ^teum  I 

The  first  cui  | 

■y  how  the  boilerB 
3  of  the  codi- 
.,  and  tlie  level  at 
iter  is  carried.  Foi' 
plates  are  removed 
a  of  the  tube.i  aixt 
ool  tiwerted.  The 
u  drums  are  niadc 
ron  or  eteel,  wliilt- 
euBuaily  mado 

Eag  advantagi^  iirc 
rater-tube  hmlcra: 
rtions  of  the 
contain  the  waiter 
■  [hat 
uaed  in  the  con- 
'be  made  compar- 
wittiotit  impairing 
Oonsequeatly  the 
Ditted  to  the  water 
and  the  danger  of  bui 
fire  is  greatly  diminished. 
are   no   riveted  joints, 
9  of  metsi  f'xpoged  to  the 
lAvugMarea,  being  much  larger  Uiba^- 


ling  the  iron  where  it  ia 
Mid    cousei\viei\tt^ 
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boilers,  gives  ample  'time  for  the  absorption  of  the  heat  of 
gases  before  their  exit  to  the  chimney. 

4.  That  the  gases  being  thoroughly  mingled  in  their 
between  the  staggered  tubes,  the  combustion  is  more  complete. 

5.  That  the  gases  impinging  against  the  heating  surface 
pendicularly,  instead  of  gliding  along  the  same  longitudii 
the  absorption  of  the  heat  is  more  thorough.  It  is  claimed 
experiments  have  proven  that  a  gain  of  30  per  cent  in 
efficiency  of  the  heating  surface  is  effected. 

6.  That  the  circulation  of  water  is  rapid  and  all  in  the 
direction,  there  being  no  conflicting  currents.     As  a  result 
temperature  of  every  portion  of  the  boiler  is  practically  the 
and  the  tendency  to  deposit  scale  is  materially  lessened. 

7.  That  the  water  being  divided  into  many  small  streams  in 
envelopes,  steam  may  be  raised  rapidly. 

8.  That  the  large  area  of  disengaging  surface  in  the 
together  with  the  fact  that  steam  is  delivered  at  one  end  and 
out  at  the  other,  insures  dry  steam  without  the  aid  of  any 
heating  device. 

9.  That  the  water  level  may  readily  be  kept  steady. 

10.  That  the  whole  structure  is  so  flexible  that  the  parts 
expand  and  contract  without  producing  strains. 

11.  That  the  division  of  water  into  small  masses  avoids  d( 
tive  explosions.  The  diameters  of  the  parts  subjected  to  pi 
are  so  small  that  even  if  made  light  their  power  to  resist  ru] 
is  ample.  It  is  claimed,  moreover,  that  the  circulation  of 
water  is  so  powerful  that  no  part  will  be  uncovered  to  the 
until  the  quantity  of  water  in  the  boiler  is  so  far  reduced 
overheating  should  occur  no  explosion  could  result. 

12.  That  the  space  occupied  by  this  type  of  boiler  for  a 
power  is  much  less  than  in  fire-tube  boilers. 

13.  That,  by  a  suitable  arrangement  of  hand  and  man 
every  part  of  the  boiler  is  accessible  for  cleaning  and  repairs. 

14.   Thai  the  loss  of  effecl  ivom  dw^l  collecting  on  the 
tlie  tubes  is  ihr  less  than  in  fiieAviXi^  \i«^«t^,^\iKt^^^.^^«3^^ 
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terior.  In  the  latter  case  there  vs  no  limit  to  the  amount 
st  which  may  collect,  while  in  the  former  only  a  limited 
it  is  retained. 

That  since  no  part  of  the  boiler  above  the  water  level  is 
ed  to  the  fire,  and  because  of  the  absence  of  deteriorating 
8  and  of  thick  plates  and  joints  in  the  fire,  it  is  much  more 
►le. 

That,  being  made  in  sections,  it  is  less  cumbrous  and 

more  easily  transported.  In  fact,  the  parts  for  a  boiler  of 
considerable  capacity  can  be  made  small  enough  for  mule 
3ortation. 

That  a  new  tube  may  be  easily  inserted  or  almost  any  other 
•  made  by  an  ordinary  mechanic  without  any  but  ordinary 

mmary. — The  advantages  which  have  just  been  enumerated 
iter-tube  boilers  are  all  more  or  less  borne  out  by  practical 
ience  with  this  type  of  boiler.  They  should  not  be  over- 
ited,  however,  and  it  is  a  i^act  that  many  intelligent  engi- 
still  prefer  the  fire-tube  type.  As  far  as  the  economy  of 
tion  is  concerned,  we  believe  that  for  regular  running  the 
-tu  be  boiler  has  a  distinct  advantage  over  the  return  tubu- 
An  evaporation  of  11}  pounds  of  water  per  pound  of  com- 
»le  is  not  at  all  unusual,  while  in  fire-tube  boilers  such  results 
tained  only  when  the  boiler  is  new  or  just  after  it  has  been 
ighly  cleaned.  Moreover,  it  is  certainly  a  fact  that,  from  the 
>oint  of  safety,  the  water-tube  boiler  is  distinctly  better.  Some 
explosions  which  have  occurred  in  connection  with  fire-tube 
3  have  been  most  disastrous  to  life  and  property,  and  their 
•ence  does  not  seem  to  be  growing  less  frequent.  Ex- 
ns,  to  be  sure,  are  not  an  impossibility  in  the  other  type, 
Dnsidering  how  many  are  in  use,  they  are  very  rare,  and, 
ver,  an  explosion  in  a  water-tube  boiler,  if  properly  set,  sel- 
wrecks  more  than  a  single  tube  or  a  header.  Ow  \\\^ 
hand,  the  water-tube  boiler  .is  a  much  more  eiL\ieiv^\Ne 
ttuB  than  the  JSre-tube,  especially  for  small  capacitKea,  «>.^^ 
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this  feature  alone  will,  without  doubt,  cause  the  latter  to  be 
taioed  in  many  coses,  iiutabl;  in  the  coal  re^ons,  where  the  c 
of  fuel  ie  so  low  as  to  make  economy  in  its  use  a  secondarj  a 
aideration. 

Marine  Boilers. — For  marine  purposes  many  types,  both  i 
and  water  tube,  arc  used.  The  water  tubular  is  fast  diaappearii 
and  is  now  rarely  to  be  found  except  in  the  United  States  Ntl 
and  in  the  navies  of  other  countries.  lU  p;rndiml  disappeanm 
arises  from  the  fict  that  it  is  more  expensive  to  build  and 
repair   la  more  complex   and  requires  extra  care  and   nians) 


Fire -Tubular  Marine -Boiler. 

niOTit.  Ifji  tube  splits  or  become  loiiky  in  the  fire-tubular  boi' 
r/w  iliftii-ulty  ni-.iy  hv  mot  liy  lA'^liS™".  ^^^"-^  ^^^"^  v«aa«l  can  proo 
on  jcn  way ;  ^ut  if  the  siiuiti  accideii*,  ucuMt 'va  »■  ■««a«t-\.'alo^ 
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Id  be  necessary  to  blow  out  the  boiler.  The  same  principle  which 
embodied  in  the  Montgomery  water-tubular  marine-boiler  was 
odueed  into  the  Dimpfel  locomotive-boiler,  but  soon  fell  into 
ise  in  both  cases.  The  fire-box,  fire-tubular  marine-boiler, 
h  combustion  chamber  at  the  ba.ck  end  is  the  type  of  mariue 
ler  most  commonly  .used  at  the  present  time. 
Die  auxiliary  boilers  of  the  United  States  battleship,  Nos.  1, 


Auxiliary  Boilera.    Battleships  Noa.  1,  2, 


lod  3,  the  conatruotion  of  which  is  dearly  shown  itt  \\\fc  acconv- 
ring  cata,  illustrate  modern  marine  boiler  practice. 
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In  this  boiler  it  will  be  seen  that  there  are  two  internal  corr 
gated  furnacea,  which  ie  the  number  usually  employed  when  d 
diameter  of  the  boiler  ia  from  9  to  13  feet.  For  diameters  on 
1 3  feet  three  are  often  used,  while  the  largest  boilers,  often excea 


inf;  l'>  f.'i't  in  diameter,  havo  f,.ur  furnaces.  Moreover,  this  t; 
ofl»>ilfr  /s  //■'-<;  ncntly  madii  AovtWe-enAcd,  m  which  ca«e  there 
furtiiu-i-fi  :it  l--tb  end^  ench  fvmmpe  \vaVm% a. sev"*-"*  "^^^^w" 
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30  that  if  a  tube  gives  way  in  one  chamber  the  other 
lacea  are  not  affected. 

lartin's  upright  tubular  boiler  is  sometimes  used  for  marine 
pose--.  lis  oiilv  aiiviuit.nge  is  ccouiimy  of  space ;  ita  first  cost 
,.ii-.'  than  Lliatuf  tlio  ..rdhiary  horizontal  marine  tiiljular  boiler. 


Flue  and  BeCum  Tubular  Marine -Boiler. 

i  not  more  efficieut.     The  capacity  of  the  steam-room  jb 
e-third  the  capacity  of  the  boiler. 

e  of  boiler  is  now  but  rarely  used,  and,  in  fact,  none  of 
^hioh  have  been  tried  from  time  to  time  ba\e  ■pvcMei 
'  r  to  the  c/Iindrical  return  tu\)u\at  ^pe  ■w\^^J. 
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The  above  out  represents  the  arrangementa  moHt  generallj 
jiliivi'il  iijr  bracing  murine  steam-boilers,  and  includes  tbe  vert 
iiuil  liiiriwiiiliil,  ;i]i;;le,  toggle,  dome,  and  crown  braces;  as  wel 
till'  liuikli';',  i-mw-Cuet,  iii)(jle-ir()ns,  girtlis,  etay-bolta,  and  legbn 
Tlif  liibi's  aiifwfr  for  braces  for  tbe  tube-sbeete;  the  crow-feet 
I  III  I'linvii  and  cliimc;  the  projMir  strength  for  the  braces  of  mu 
lioilors  may  be  ii.iiinil  by  multiplying  the  aumber  of  square  iu 
e."i;>iwoil  111  the  jii-essure  of  tbe  steam  by  six  tuuee  tbe  eteam-pi 
urc  to  bo  c'.iri'JCiL 
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Principal  dimensions  of  the  boilers  illustrated  in  the 
'  P^ges  173  and  174  are  as  follows :  * 

Diameter  of  boiler,  outside 10^    Hi^^ 

Length        "  "         8^    6'' 

Lsagih  of  grate 6^  W^ 

HeatiDg  sarface : 

Tubes. 824.66  sq.  ft. 

Furnaces. 60.         ** 

Comb,  chamber 84.         " 

Total 968.66 sq.ft. 

Orate  area. «....    32.    sq.ft. 

Ratio  of  heating  to  grate  surface 30.3 

Boiler  pressure 160.  lbs. 

Number  of  tubes. 216  {  ^^^  ^^?;^^^^ 

omotive  Boilers. — ^The  duties  which  a  locomotive  boiler  is 
upon  to  perform  have  led  to  a  development  distinct,  in 
respects,  from  other  types  of  boilers.  A  boiler  which  is  to 
I  on  a  locomotive  must  have  the  following  properties : 
size  and  weight  are  limited,  because  the  boiler  must  be 
along  at  a  high  rate  of  speed.  For  the  same  reason  and 
account  of  the  jarring  to  which  a  locomotive  is  subjected, 
jtting  cannot  be  considered.  Consequently  the  boiler  must 
mally  fired.  Additionally,  it  is  necessary  to  evaporate  a 
nsiderable  amount  of  water  in  a  short  time  and  to  carry  it 
h  pressure.  In  other  words,  the  conditions  are  such  that 
3loj)ment  of  this  class  of  boilers  has  been  in  the  direction 
I  steaming  rather  than  in  that  of  economy. 
ocomotive  type  of  boiler  is  illustrated  in  the  accompany- 
i.  The  two  sectional  elevations  f  represent  two  different 
be  "  Crown  Bar  "  and  "  Radial  Stay,"  so  called  after  the 

1  the  "Report  of  the  Chief  of  the  Bureau  of  Steam  Engineering," 

ton,  D.  C,  1890. 

1  <*  lUustrated  Catnlogue  of  Narrow  Gauge  LocomolwesJ'  'BvA^Vvcv 

ve  Works,  Philadelphia,  1897. 

2 
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methods  of  staying  the  furnaces,  as  is  clearly  shown  in  th 
In  these  diagrams  1  is  the  boiler  proper,  2  the  firebox, 
steam  dome,  and  18  the  dry  pipe,  9  is  the  throttle  valve,  ! 
smoke-box  front  with  door  26,  30  is  thci  fire-door,  39-43  the 
valve,  44  the  crown  bars  and  stay  bolts. 

The  furnace  or  fire-box  is  often  made  of  copper  plates, 
part  of  the  boiler  is  usually  rectangular,  strength  require 
the  plates  shall  be  comparatively  thick  and  it  is  in  orde 
they  may  transmit  the  heat  from  the  furnace  readily  tha 
are  made  of  copper.  The  gases  pass  through  a  series  ol 
tubes  of  small  diameter  to  the  stack  which  is  supported  ( 
base  29.  The  draught  is  assisted  by  the  exhaust  steam  fr( 
cylinders,  which  is  discharged  from  a  nozzle  (not  shown) 
the  stack. 

The  locomotive  type  of  boiler  is  used  quite  extensive 
stationery  purposes  wherever  brick  setting  is  undesirable 
count  of  weight  or  vibration,  where  the  boiler  is  to  be  po 
or  where  rapid  steaming  is  of  more  importance  than  econc 
the  use  of  fuel.  These  boilers  are  usually  built  by  mak 
stationery  fire-tube  boilers  and  their  design  does  not  diflfer 
rially  from  the  regular  locomotive  boiler. 

The  Bellpaire  fire-box  boiler,  shown  in  the  perspective 
is  a  stationary  boiler,  which  is  built  on  the  same  general 
This  type  of  boiler  was  adopted  at  the  Calumet  and  Hecla 
on  account  of  the  excessive  vibration  to  which  it  is  cons 
subjected  and  which  makes  brick  settings  impracticable. 
Bellpaire  boiler  contains  two  furnaces  connecting  into  a  cc 
chamber  and  200  3"  tubes  16  feet  long.  The  shell  of  the 
proper  is  made  of  3 ''  steel  plate,  while  the  firebox,  etc.,  a 
yY'  thick  and  stayed  very  extensively,  as  can  be  seen  in  th< 
tration.     The  boiler  carries  180  pounds  pressure. 
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CHAPTER  X. 

BOILBRS.-DBSIG-N  AND  OONSTRUOTION. 

Hopse- power. — The  horse-power  of  boilers  is  now  usually  d< 
mined  by  what  is  known  as  the  Centennial  Bating,  which 
adopted  in  1876  by  the  committee  of  judges  of  the  CenteD 
Exhibition.  According  to  this,  a  horse-power  ia  30  poundi 
water  evaporated  in  to  dry  steam  per  hour,  from  feed  water  at  1 
F.,  and  under  a  pressure  of  70  pounds  per  square  inch  above 
atmosphere.  A  boiler  rated  at  any  stated  number  of  ho: 
power  should  be  capable  of  developing  that  power  with  easy 
ing,  moderate  draught,  ordinary  fuel,  and  good  economy; 
further,  the  boiler  should  be  capable  of  developing,  at  least  • 
third  more  than  its  rated  power  to  meet  emergencies  at  ti 
when  maximum  economy  is  not  the  most  important  consideral 

The  quality  of  steam  that  can  be  generated  in  any  boiler  i 
given  time  is  dependent  on  a  great  variety  of  circumstances,  i 
as  the  kind  of  boiler ;  its  condition  as  to  scale,  dirt,  etc. ;  the  b 
ner  in  which  it  is  set  and  fired,  the  quality  of  fuel  used,  am( 
of  grate-surface  and  heating  surface,  draught,  etc.,  while 
amount  of  water  used  will  depend  entirely  on  the  engine,  prov 
the  steam  is  dry.  The  evaporation  in  tubular  boilers^ — station 
locomotive,  and  marine, — under  good  conditions,  is  about  8  t 
pounds  of  water  to  1  pound  of  coal ;  water-tube,  10  to  12  ;•  but 
average  n^sult  is  about  25  per  cent,  below  this.  The  nominal 
of  fuel  in  i)oilers  is  rarely  less  than  80  per  cent,  and  is  freque 
as  high  as  50. 

Grate  Surface  and  Heating  Snrfiu^e. 

T/re  grate  surface  required  \u  dxtfereut  types  of  boilers  i 
extremely  variable  quantity,  depeudm^  c\vv^^^  w^w  >^^  ^ 
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and  the  draugbt.  If  the  quality  of  the  coal  is  good,  the 
:age  o^  ash  being  low,  for  a  given  draught,  tha  grate  may 
iller  than  for  a  poorer  quality  of  coal.     If  the  percentage 

is  high,  the  grate  surface  must  be  made  proportionately 
The  following  table,  taken  from  Kent's  "  Mechaiiical 
>ers'  Pocket  Book,"  gives  approximately  the  grate  eurlkce 
td  under  different  conditions.  In  general  it  may  be  said 
I  desi^lngauew  boiler,  the  grate  surface  should  I>e  made  as 
iS  possible  without  incurring  other  disadvantages  in  thedesign. 
TABI.E  OF  Gbate  Surface  fek  Horse-power. 


1 

m 

m 

PouBdB  of  coal  bumtd  per  Bquare  tool  of 
grate  per  huur. 

8    j  10  1  12  j  15     20    1  25    1  30  1  35     40 

Squtiro  feet  grnte  per  horse-pnwer. 

Icoal  and 

10 

9 

.1.45 
3.33 

.43 
.48 

.33 

.38 

,28 
.32 

-33 
.25 

.17 
.19 

.14 
.15 

.11 
.13 

.10 
.11 

.09 
.10 

-"^ 

8.fil 
6 

4 

4.31 

4.93 

.50 
.54 
.62 

.40 
,43 
.49 

.33 
,36 
,41 

.26 
.29 
.33 

.20 
.22 
-24 

.16 
.17 

,20 

.15 
.14 
.17 

.12 
.13 
.14 

,10 
.1! 

.12 

coal    or 

6.9 
6 
5 

5 

5.75 

6.9 

.65 
.72 
.86 

.50 
.58 

.42 
.48 
.68 

.34 
.38 
.46 

.29 
.36 

,20 
,23 

,28 

.17 
,19 
.23 

.33 

.17 
.22 

-29 

.13 
.14 

,17 

ite      and 
iler. 

3.45 

10. 

1.25 

1,00 

.63 

.67 

.50 

.40 

,25 

mple. — With  a  poor  quality  of  coal  what  should  bo  the  size 
te  for  a  fifty-horse  power  boiler?  Wliat  would  be  the  con- 
oQ  of  coal,  and  how  much -water  would  be  evaporated  per 

of  coal,  the  consumption   of  coal    being   20   pounds  per 

foot  of  grate  per  hour? 
Ti  the  table  above: 
ire  feet  of  grate  =  29  x  50  - 1 4.5. 

nds  of  water  fmni  and  at  212°  =  6  pounds  per  pounA  oS  ci^aV. 
jds  ofeoBlper  ioree-powt-r  per  hour  =  5.75. 
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The  ratio  of  heating  surface  to  grate  surface  is  depeDdc 
largely  upon  the  quality  of  coal  which  is  to  be  used.     For 
anthracite  coal  the  practice,  in  stationary  boilers,  is  to  make 
ratio  from  30  to  40  square  feet  heating  surface  to  1  square 
grate  surface.      For  bituminous  coal   the  ratio  is  much  higl 
especially  where  the  quantity  of  coal  to  be  consumed  per  squi 
foot  of  grate  is  large.     In  this  case  the  ratio  is  sometimes  as 
as   GO   to    1.     There  seems,  however,  to  be  a  very  considei 
diflerence  of  opinion  among  engineers  in  this  respect.     While 
gonorally  agree    that,   in    proi>orti<ming    a   marine    boiler, 
example,  there  should  be  sufficient  grate-surface  to  consume 
maximum  quantity  of  coal  required  for  the  engine  for  which 
boiler  was  intended  to  furnish  steam,  and  that  there  should 
sullioient  heating  surface  to  absorb  the  heat  evolved  by  the  flu 
yet,  when  it  comes  to   laying  down    proportions,   one   engine 
allows  twice  as  many  si]uare  feet  of  heating  surface  to  one  sqni 
t\vt  of  irrato  surface  as  another.     Watt's  proportions  for  land 
marine   boilers  varied   from    i^.o  to  10   feet   of  heating  sui 
10  I  square  foot  of  grate  surface.     Maudsley  nnd  Miller  alloi 
10  sqr.are  tVvt  of  heating  surface  to  1  square  foot  of  grate  sui 
in  uw  Iv^ilers  of  the  ct-lebratod  ocean  steamer  Great  Wes 
and  tVi'.^.^  10  to  ll!  sijuare  foot  of  heating  surface  to  1  square  fo 
of  c':i:e  snrtavv  \\\  otlur  marine   boikrs   that  they    constni< 


<.\   •  '-or 


neither  thev  nor  Watt  seemed 
n:li.    lu^r  aiii    There  appear  to  be  any  ai 


,  V  \ 


:  .•>/.■  xv^:>:r;:v:.':>  litiur  \v.  :h\<  eour.iry  or  in  England.  . 
This  m,n  bo  soon  ::.':v.  :1  •:  :";k-:  :hai  the  U.S.  gun -boat  Ml 

:•.;-.:     ^-^-.r -^uv  to  1  square  foot  of 

w  :     .\  <:.'/.;  -sizeii  engine,  had  only  16toi 

.  -.  ...         "..ivi  o«>  square  feet  of  heatini 

..  ..; ->v.::VM-e.  while  the  Frauklii 
- .    .  ::;..  wiih  eligiues  of  the 

.  >    :  in 0  celebrated  steami 
. :.  \v  such  fast  time  bet! 


..\ 


A..,    \ 
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.  square  foot  of  grate-surface,  while  in  the  boilers  of  the  steam- 
»  of  the  Cunard  Line  the  heating-surface  varies  from  18  to  37 
Lare  feet  to  1  square  foot  of  grate-surface.  The  Mary  Powell, 
>  of  the  fastest  river-boats  in  American  waters,  has  17  square 
t  of  heating-surface  to  1  square  foot  of  grate-surface.  In  pro-  . 
rtioning  the  heating-surface  to  the  cubic  contents  of  the  cylinder, 
ssame  variation  seems  to  exist  which  shows  there  is  no  recognized 
oportioQ  for  either.  The  steamship  Massachusetts,  U.  S.  N.,  has 
'  square  feet  of  heating-surface  to  1  cubic  foot  of  cylinder,  while 
e  Powhatan  has  less  than  15  square  feet,  and  the  San  Jacinto  has 
trifle  over  12.  The  merchant-steamer  Union  had  one  hundred 
id  eighteen  square  feet  of  heating-surface  to  1  cubic  foot  of 
linder,  while  the  Isaac  Newton  had  only  10  to  1.  The  steam-tug 
ascue  had  63  square  feet  of  heating-surface  to  1  cubic  foot  of 
linder,  while  the  Anglo-Saxon  had  only  10  to  1. 
The  average  proportion  of  heating-surface  to  grate-surface  of 
^  steamships,  tugs,  and  ferry-boats  examined  was  about  30 
aare  feet  of  heating-surface  to  1  square  foot  of  grate-surface, 
lile  an  examination  of  a  great  number  of  steamships,  tug,  and 
Ty-boats  in  this  country,  England,  and  France,  showed  that  the 
erage  proportion  of  heating-surface  to  1  cubic  foot  of  cylinder 
s  about  28.  In  stationary  boilers  the  heating-surface  varies 
m  12  to  30  to  1  square  foot  of  grate-surface,  while  in  some 
tented  sectional  boilers  there  are  60  to  70  square  feet  of  heat- 
j-surface  to  one  square  foot  of  grate-surface,  the  average  for 
fomotive-boilers  being  about  60  square  feet  of  heating-surface 
1  square  foot  of  grate-surface. 

To  proportion  a  marine-boiler  understandingly,  it  is  necessary 
know  the  size  of  the  engine  and  of  the  boat  or  ship,  the  load 
be  propelled,  and  the  speed  at  which  it  is  to  move.  The  engi- 
5r  can  determine  the  pressure  and  volume  of  steam  required, 
i  decide  on  the  degree  of  expansion,  the  quantity  of  grate-  and 
iting-surface,  and  in  relation  to  these  two  latter  coi\d\Uo\i"&,  ^"^^ 
iwn  in  the  foregoing  paragraphs,  the  field  has  a  very  mde\^\A- 
fe.     But  be  must  be  sure  that  the  boiler   ppssessea  s^uS^CA^viX. 
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strength  to  resist  in  safety  the  maximum  pressure  to  which  it 
ever  be  exposed  ;  that  it  contains  sufficient  grate-surface  for 
combustion  of  the  necessary  quantity  of  fuel  under  amy  cin 
stances ;  that  it  has  sufficient  heating-surface  to  evaporate  the 
essary  quantity  of  water;  that  it  is  capable  of  containing  at 
cient  supply  of  water  and  steam  to  prevent  undue  fluctuai 
and  that  it  affords  convenient  facilities  for  the  repair  or  rem 
of  any  of  its  parts.  After  the  foregoing  conditions  are  detenu 
on,  another  object  of  great  importance  to  be  considered  is  mal 
the  boiler  as  light  and  compact  as  possible.  The  term  hea< 
surface,  when  applied  to  steam-boilers,  means  all  that  part  of 
fire-box,  crown-sheet,  tube-sheets,  and  flues  with  which  the  fire 
flame  come  in  contact  in  their  escape  from  the  furnace  to 
chimney. 

Rules. 

Ru\e  for  finding  the  number  of  square  feetof  hecUing  surface 
tube,  or  any  number  of  tubes.  .  , 

Multiply  the  circumference  of  the  tube  in  inches  by  its  lei 
in  inches,  and  divide  by  144 ;  the  quotient  will  be  the  numbe 
square  feet  of  heating  surface.  This  multiplied  by  the  whole  n 
ber  of  tubes,  will  give  the  aggregate  amount  of  heating  surfa 

Rule  for  finding  the  heating-surface  of  fire-box  boilers — locomo 
marine,  or  stationary. 

Multiply  the  length  of  the  furnace-plates  in  inches  by  t 
height  above  the  grate  in  inches ;  multiply  the  width  of  the  c 
in  inches  by  their  height  in  inches ;  multiply  the  length  of 
crown-sheet  in  inches  by  its  width  in  inches ;  also  the  comhi 
circumference  of  all  the  tubes  in  inches  by  their  length  in  ind 
from  the  sum  of  these  four  products  subtract  the  combined  ara 
all  the  tubes  and  the  fire-door ;  divide  the  remainder  by  144,  i 
the  quotient  will  he  the  number  of  square  feet  of  heating-surl 

Rule  for  flue-boilers. — Multiply  |  of  the  circumference  of 

.shell  in  inches  by  its  length  in  iucVv^s.-,  multiply  the  comU 

'"cumfcreuce  of  all  the  flues  iu  \\\c\\ea\>N  tW\T  Vw^g2DL\si\w3 
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ide  the  sum  of  these  two  products  by  144,  and  the  quotient 
I  be  the  number  of  square  feet  of  heatiug-surfaee. 
rtule  fbr  cylinder- boilers. — Multiply!  of  the  circumference 
tiie  shell  in  inches  by  its  length  in  inches,  divide  by  144,  and 
)  quotient  will  be  the  number  of  square  feet  of  heating-surface. 
Rule  for  externally-flred  tubular  boilers. — Multiply  two-thirds 
the  circumference  of  the  shell  in  inches  by  its  length  in  inches; 
ftltiply  the  combined  circumference  of  all  the  tubes  in  inches 
I'their  length  in  inches.  To  the  sum  of  these  two  products  add 
'O-thirds  the  area  of  both  tube-sheets ;  from  this  sum  subtract  the 
mbined  area  of  all  the  tubes ;  divide  the  i:emainder  by  1 44,  and 
e  quotient  will  be  the  number  of  square  feet  of  heating  surface. 
Rule  Jot  finding  the  heating-sfiirface  of  vertical  tubular  boilers,  such 
are  generally  used  for  fire-engines.-:— MultijAy  the  circumference 

the  fire-box  in  inches  by  its  height  above  the  grate  in  inches. 
Dltiply  the  combined  circumference  of  all  the  tubes  in  inches 
'  their  length  ill  inches,  and  to  these  two  products  add  the  area 

the  lower  tube-  or  crown-sheet,  and  from  this  sum  subtract  the 
^  of  all  the  tubes,  and  divide  by  144.  The  quotient  will  be 
s  number  of  square  feet  of  heating-surface  in  the  boiler. 

Strength  of  Boilers. 

t\u\e  for  finding  the  pressure  per  square  inch  which  will  rupture 
^lindrical  boiler. 

Multiply  the  thickness  of  the  shell  in  inches  by  the  tensile 
^ngth  of  the  material  and  divide  tlie  product  by  ong-half  the 
Uneter  of  the  boiler  in  inches. 

Example. — Suppose  the  diameter  to  be  6  feet  and  the  thickness 

the  shell  to  be  J  inch,  then  if  the  tensile  s^trength  of  the  niate- 

i]  is,  say,  48,000  pounds  per  square  inch,  the  bursting  pressure 

Qbe 

jx  48000    ^^^„  ,  .    , 

— 7 — —^  =  bbbn  pounds  per  square  inch. 

In  the  above  it  has  been  assumed  that  the  shell  of  iVie  \io\W  \^ 
^catinuous  ring  without  Joints  of  any  kind.     In  practice  \A\\^*\a 
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of  course  impossible.     In  all  modern  boilers  the  shell  is  bui 
of  a  number  of  plates  riveted  together. 

Riveted  joints  weaken  the  shell  and  their  effect  is  usually  t 
into  account  in  the  calculations  by  assuming  that  the  te 
strength  of  the  material  has  been  impaired  to  a  certain  ex 
depending  on  the  nature  of  the  joint.  The  following  table 
deused  from  Unwinds  **  Elements  of  Machine  Design,"  g 
approximately,  the  extent  to  which  the  plate  is  weakened  u 
different  conditions.  The  figures  apply  to  iron  plates  and 
rivets : 


Thickness  of 

Single  Rivetrd  Joints. 

Diameter  of 

Pitch  of  riv- 

Efficiency of 

plates. 

rivets. 

ets. 

joints. 

1 

1* 

.606 

i" 

\ 

2 

.571 

1" 

\% 

2A 

.543 

3// 

IjJf 

2ft 

.521 

y' 

r 

n          2ft 

.485 

Double  Riv 

ETTED  Joints. 

J 

3 

.75 

y 

I 

3J 

.72 

l' 

n 

3A 

.71 

r' 

ItV 

3ft 

.69 

v 

U                    3i 

.64 

In  using  this  table  the  tensile  strength  of  the  material  is  i 
niuhipliod  by  the  ottiiMoiicy  of  the  joint. 

Examplp. — If  in  the  example  given  above  the  joint  is  dc 
rivotod,  >vhat  WDuld  bo  the  bursting  pressure? 


A  v4sOO(>N.72 


J    ..     .J  180  pounds  per  square  inch. 

The  result  of  this  example  does  not  mean  that  the  boiler 

\\v  \Norkiil  \\\    l^(^  pomuls  por  sqiKire  inch.     To  find  the  wor 

prn^snrr  it   is  u.Mial  ii>  assume  a  fuetor  of  safety,  which  mei 

lUimbiT  by  whieh  ihe  tensile  stHMigth  is  divided  before  it  is 

//I  //i<i  (t/i/puiations. 


THE     engineer's     HANDY-BOOK.  189 

in  different  localities.  For  example,  the  number  adopted 
i  British  Board  of  Trade  for  marine  boilers  is  5,  while  the 
h  government  uses  3  for  stationary  boilers.  Hence  we  have 
llowing 

le  for  finding  the  working  pressure  in  cylindrixial  boilers. 
Itiply  the  thickness  of  the  shell  in  inches  by  the  tensile 
rth  of  the  material  and  the  efficiency  of  the  joint.     Divide 
Bsult  thus  obtained  by  the  product  of  one-half  the  diameter 

1  boiler  in  inches  and  the  factor  of  safety.    The  quotient  will 

2  safe  working  pressure  in  pounds  per  square  inch. 
ample. — What  is  the  safe  working  pressure  in  a  cylindrical 

with  double  riveted  joints,  if  the  diameter  is  8  feet,  the 
less  i  inch,  the  factor  of  safety  4,  and  the  tensile  strength  of 
late  50,000  pounds  per  square  inch? 

j  X  50000  X  .69     .oa  A  •     I.     *        - 

^'  ^n    Q    'a    =136  pounds  per  square  inch. 

2Xj.^XOX4 

le  for  finding  the  proper  thickness  of  cylindrical  boiler  shells  to 
carry  a  given  pressure. 

Itiply  the  working  pressure  in  pounds  per  square  inch  by  the 
of  safety  and  one-half  the  diameter  of  the  boiler  in  inches. 
8  the  result  thus  obtained  by  the  product  of  the  tensile 
:th  of  the  plate  and  the  efficiency  of  the  joint.  The  quotient 
e  the  proper  thickness  in  inches. 

imple. — Required  the  proper  thickness  of  shell  of  a  cylindri- 
iler  with  double  riveted  joints  to  safely  carry  a  working  pres- 
f  125  pounds  per  square  inch.  Diameter,  65  inches ;  factor  of 
,  5  ;  tensile  strength,  45,000  pounds.  As  the  proper  thickness 
e  about  I",  we  will  assume  .71  as  the  efficiency  of  the  joint 

45000 X. 71    =^    approximately. 

e  for  finding  the  safe  external  pressxire  on  boiler  flues. 
Itiply  the  square  of  the  thickness  in  inches  by  the  constant 
3r,  89,600.     Divide  the  product  by  the  length  o?  Xive  ^m^  vcv 
id  bj  its  diameter  in  inches.     The  quotient  ViW  \i^  \Xv^  ^^'i^ 
ig pressure  in  pounds  per  square  inch. 
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Boiler-stays. 

Boiler- stays,  in  any  case,  are  but  substitutes  for  real  sti 
in  the  shell  or  other  parts  of  the  boiler.     The  strain 
allowed  on  them  per  square  inch  is  about  5000  pounds.     The 
common  method  of  securing  them  is  to  cut  a  thread  on  both 
and  screw  and  cold-rivet  them  into  the  plates ;  another  nu 
is  to  flatten  the  ends  of  the  stay,  and  secure  them  to  the 
by  means  of  one  or  two  rivets;  still  another  is  to  rivet  eji 
inio  the  shell  of  the  boiler,  fork  the  end  of  the  stay-bolt, 
attach  to  the  eye-bolt  by  means  of  a  cotter.     Biit  all  the 
ing  methods  have  their  objections,  as,  when  the  stays 
slack,  and  it  becomes  necessary  to  make  them  taut,  the  n( 
of  cuttilig  away  the  rivets,  destroying  the  thread,  and  weaki 
the  boiler  is  necessarily  involved. 

The  most  modern  and  permanent  method  of  securing  stajl] 
the  shell  or  ends  of  steam-boilers  is  by  riveting  angle-h 
the  parts  to  be  braced,  as  shown  at  a,  a,  a,  a,  in*  the  cut  on 
176,  and  drilling  holes  in  the  angle-irons  where  the  brace  is 
attached.  Then  the  rods  may  be  forked,  and  attached  to 
angle-irons  by  means  of  a  cotter,  which  term  means  a  blank 
with  a  splint  in  its  end,  which  may  be  expanded  with  a  cold- 
to  prevent  them  from  coming  out.  This  arrangement  has 
advantage,  that,  where  the  braces  become  slack,  they  may  I 
made  taut  by  taking  them  out,  heating  them  in  a  forge,  and 
setting  them.  The  value  of  stays  as  a  substitute  for  strength 
safety  depends  very  materially  not  only  on  the  manner  in  wl 
they  are  attiiched  to  the  parts  they  are  intended  to  stren^ 
but  also  on  their  position,  which  affects  their  ability  to  stand 
sile  strain  and  compression-pressure.  If  the  stay  is 
anchored,  it  will  stand,  on  a  straight  pull,  a  resistanoe  equal' 
tensile  strength,  or  it  will  resist  the  force  of  compressioii 
//>'  crushing  strength  ;  but  \i  \t  ala\ids>  ^W^Vvtl^  oblique,  its 
of  reiiistaiico  will  be  very  mucVv  4\m\ii\^^^% 
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Stay-Bolts. 

Stay-bolts  are  the  meaDs  usually  employed  to  strengthen  the 
t  surfaces  in  the  fire-box  and  water-legs  of  locomotives  and 
urine-boilers;  they  are  generally  screwed  into  both  plates, 'on 
ch  side  of  the  water  space,  and  riveted  by  the  process  called 
Id  riveting.  Numerous  ordinary-sized  bolts  are  preferable  to  a 
w  large  ones.  The  difficulty  in  the  case  of  stay-bolts  does  not 
iae  ordinarily  from  tensile  strength,  brought  upon  the  bolt  by 
le  steam-pressure,  but  from  relative  changes  in  position  of  the 
ro  sheets  through  which  the  bolt  passes,  cau^d  by  a  differ^ce 
i  the  tenaperature  of  the  two  sheets,  and  the  consequent  difference 
expansion.  For  instance,  if  the  side  sheet  of  a  fire-box  of  a 
Bomotive-  or  marine-boiler  expands  in  a  vertical  direction  i  of 
i  inch  more  than  the  outside  sheet,  then  all  bolts  in  the  top  row 
XL  have  their  inner  ends  forced  upwards  from  their  original 
«ition  to  that  extent,  and  the  boilers  must  spring  or  bend  ac- 
rdingly  ;  whereas,  when  both  sheets  become  again  of  the  same 
uperature,  the  ends  of  the  bolts  are  drawn  back  to  their  original 
sition. 

TABLE 

HOWING    THE  BBEAXING  STRAIN   OF    IRON   AND   COPPER   STAY-BOLTS. 


i : 

.  Iron  into  iron  screwed  and  ) 
riveted ) 

.  Iron  into  copper  screwed  j 
and  riveted ) 

,  Iron  into  copper  screwed ) 

only / 

.  Copper  into  copper  screw-  ) 
ed  and  riveted .     .     .     .      J 


Breaking 

Weight  in 

Pounds. 


25,000 

21,400 

16,200 

i  4,400 


Strengtli 
distributed 

over  25 

indies  area 

would  give 

Lbs.  per 

square  incli. 


Strength 
distributed 

over  16 
inches  area 
would  give 

Lbs.  per 
square  inch. 
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Boiler  Materials.      , 

Boiler  making  now  holds  an  important  place  among  them 
ical  arts.  Its  progress  has  been  aided  chiefly  by  the  enc 
growth  of  the  steam-engine  as  the  prime  mover,  by  the  inc 
fiEu;ilities  afforded  for  procuring  suitable  materials,  and  by  1 
provements  made  in  working  them.  In  the  early  days 
steam-engine,  boilers  of  copper  and  cast-iron  were  used  for 
ating  steam,  but  they  were  seldom  subjected  to  a  pressure 
than  that  of  the  atmosphere ;  but  when  pressures  of  3  to  4  c 
7  atmospheres  camQ  into  use,  cast-iron  was  found  to  be  unr 
and  treacherous,  for  which  reason  it  was  discarded  in  fa 
wrought  iron,  which  was  not  employed  at  first,  in  conseque 
the  difficulty  found  in  working  it  and  in  making  steam-tight 
It  has,  however,  of  late  years  become  the  material  employed 
almost  entire  exclusion  of  east-iron  and  copper.  Steel,  also,  \\ 
ing  in  favor  and  is  now  extensively  used  both  for  tubes  and 

The  first  quality  to  be  sought  for  in  boiler  materials  is  sti 
This  does  not  necessarily  imply  the  mere  power  to  resist 
torn  asunder  by  a  dead  weight,  as  in  a  testing-machine ;  l 
quality  to  withstand,  without  injury,  the  varying  shod 
strains  to  which  boilers  are  exposed.  An  inferior  quality  o1 
cannot  be  relied  upon  to  bear  the  ordeal  of  heating  and  « 
repeatedly,  as  they  invariably  warp  and  twist,  showing  dei 
manufacture ;  more  especially  in  the  process  of  cold  bending 
minute  fractures  often  occur  on  the  outer  surface  of  the  pi 
stubborn  or  inferior  qualities  of  iron. 

The  defect  most  commonly  revealed  in  working  boiler-p 
>vant  of  lamination.  This  defect  arises  from  the  imperfect  \ 
of  the  several  layers  which  make  up  the  thickness  of  the  ph 
is  usually  caused  by  interposing  sand  or  cinder,  which  1 
been  expelled  by  hammering  or  rolled  out  during  the  pre 
manufacture.  This  is  more  frequent  in  thick  than  in  thin 
and  is  sometimes  very  difficult  to  detect  in  xjold  plate,  al 
%n  discernible  in  the  hot.  It  aW  oit^\^  V^y^''^  ^^^ 
b  are  passed  as  quite  sound,  on  ca.Tei\3\  ^-xXetvi^  <exaj 
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I  found  to  be  severely  laminated  when  subjected  to  heating  and 
Hmerlng,  and  prove  totally  unfit  for  use. 
Misters  are  of  a  similar  nature,  and  arise  from  the  same  cause 
lamination.  Sometimes  they  appear  as  mere  surface  defects, 
1  are  of  no  consequence ;  but  their  appearance  may  be  an  in- 
ition  of  want  of  care  or  skill  in  the  making  of  the  plate,  and 
mid  always  excite  suspicion.  It  frequently  happens  that  these 
Bds  pass  undetected  after  the  closest  scrutiny  and  test  by  ham- 
lUig,  but  disclose  themselves  soon  after  the  boiler  is  set  to  work, 
adally  if  the  plates  be  exposed  to  sudden  variations  of  tem- 
mture.  In  the  plates  over  the  fire-grate  of  an  externally  fired 
ler,  such  a  blister  may  prove  a  very  serious  defect,  and  often 
ttsitates  the  cutting  out  and  replacement  of  the  sheet  Infe- 
r  brands  of  iron  will  rapidly  show  unmistakable  signs  of  weak- 
■  when  placed  under  the  trying  ordeal  of  bearing  the  alternate 
^gement  of  a  fierce  flame  and  currents  of  cold  air.  The 
lid  variations  of  temperature  caused  by  the  sudden  and  frequent 
feiings  of  the  furnace  door,  and  passage  of  cold  air  through  the 
4e-bars,  will  soon  tell  on  even  the  best  iron,  but  more  quickly 
that  of  an  inferior  brand. 

Characteristics  of  boiler-iron  when  broken.  On  breaking  a 
le  or  bar  of  wrought-iron,  the  fracture  presents  an  appearance 
which  the  quality  of  the  iron  may,  in  some  measure^  be  deter- 
led.  The  fracture  is  designated,  on  the  one  hand,  as  fibrous, 
gh,  silky,  close-grained,  etc.,  or,  on  the  other  hand,  crystalline, 
rse,  open-grained,  brittle,  and  cold-shut.  When  broken  sud- 
ly,  the  best  qualities  of  plate  and  bar  iron  exhibit  a  fine, 
le-grained,  uniform  crystalline  fracture,  even  silky,  of  a  light 
er  color ;  the  appearance  in  the  harder  descriptions  approach- 
to  that  of  steel.  The  appearance  of  indifferently  refined  and 
irior  qualities  is  coarser,  usually  of  a  darker  color,  more  or  less 
iven,  or  open,  exhibiting  large  facets,  and  approaching  some 
jriptioDS  of  cast-iron.  When  broken  gradually,  good  \xciw 
Bents  a  well  drawn  out,  close  Bbre,  of  light  greemah  \\ue,N<i\v!^sX 

nor  qaaUtieBgive  »  shorter,  more  open,  and  darker  fibxe^ 
IB 
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When  good  ductile  iron  is  gradually  torn  asunder,  it  stret 
to  a  considerable  extent,  causing  a  diminution  of  sectional  aret^ 
the  fractured  part,  which  should  always  be  compared  with 
original  sectional  area  of  the  specimen  in  judging  of  the  qi 
An  inferior  bar  or  plate  may  bear  as  great  a  tensile  strain 
similar  specimen  of  superior  quality ;  but  on  comparing  their: 
tured  areas,  it  will  generally  appear  that  the  latter  has  been  di 
out  considerably,  whilst  the  inferior  specimen,  having  st 
but  little,  has  not  sensibly  diminished  at  the  fracture, 
owing  to  the  fact  that  good  ductile  iron,  when  sudden  strains 
will  stretch,  while  badly  refined  will  snap.    Wrought-iron 
from  fibrous  to  crystalline,  after  enduring  long-continued 
hammering,  vibration,  tension,  jarring,  and  other  strains,  after 
exposure  to  the  influence  of  heat,  or  alternate  expansion  and 
traction  whenever  it  has  been  used  for  the  plates  of  a  boiler 
nace.     Even  the  very  best  plates,  after  from  ten  to  twenty 
use  in  a  boiler,  have  frequently  been  found  to  break  wit 
stretching,  at  the  same  time  displaying  a  crystalline  fracture. 
It  has  been  said  that  this  shows  that  a  change  has  taken  pi 
in  the  nature  of  the  material,  and  that,  from  being  fibrous 
tough,  it  has,  by  some  unexplained  cause,  become  crystallized 
brittle,  or  that  it  has  lost  its  nature  in  consequence  of  the 
ment  it  has  undergone,  whatever  that  may  have  been.     Then| 
no  doubt  that  the  strains  and  other  causes  above  mentioned 
a  tendency  to  make  good  iron  become  brittle  and  liable  to 
suddenly  under  the  same  treatment  that  would  originally 
torn  it  gradually,  and  to  this  extent  a  change  is  produced  in 
nature.     This  snapping,  and  not  the  fatigue  of  the  metal,  is 
direct  cause  of  the  crystalline  fracture,  which  is  but  a  m 
consequence  of  the  suddenness  of  the  breaking,  and  not  a 
erty  of  the  iron  itself.     To  say  it  snaps  readily  because  it  has 
come  crystalline  is  to  confound  the  cause  with  the  efiect    h\ 
erroneous  to  say  the  fibrous  nature  has  passed  out  of  the  iroii|< 
Its  ductility  can  to  some  exteivl,  at  \^ast,  be  restored,  in 
csiaes^  by  simply  heating  to  a  br\^\\\.  xe^,  «Ai^  ^o^Yj  q»^\sl5|j^'^ 
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A,  or,  failing  that,  by  hammering  or  rolling  it  while  hot.  Bj 
idng  to  redness,  and  suddenly  cooling,  a  piece  of  wrought-iron, 
pill  beQome  liable  to  snap,  producing  the  same  effect  as  cold 
pmering.  The  explanation  of  this  is  not  clear,  and  it  may  be 
iiiig  to  the  loosening  of  the  crystals  into  which  the  composition 
fOke  material  ultimately  resolves  itself.  To  this  cause  may  also 
ibuted  the  same  tendency  to  snap  after  long-continued  jar- 

or  alternate  expansion  and  contraction. 

may  be  asserted,  without  fear  of  contradiction,  that  all  boiler- 
worthy  of  the  name  is  fibrous ;  whether  its  hardness  makes 

;ble  to  snap,  and,  therefore,  appear  crystalline,  depends  on  its 
character  and  the  treatment  it  has  undergone.     No  fine 

can,  however,  by  any  treatment,  except  burning,  be  made  to 
coarse,  and  the  fibres  of  the  poorest  descriptions  of  iron    - 

lot,  without  refining,  be  made  to  appear  fine  and  close-grained. 
»m  a  want  of  knowledge  of  the  above  facts,  false  opinions  are 

expressed  respecting  the  qualities  of  boiler-plates. 
It  IS  no  unusual  thing  to  find  intelligent  mechanics  and  boiler- 
kkers  expressing  their  opinions,  at  coroners*  inquests,  on   the 
Wity  of  the  iron  in  exploded  boilers,  without  anything  to  base 
ISr  opinions  on  except  the  load  per  square  inch  required  to  tear 
^  plates  asunder.     They  seem  to  forget,  if  the  boiler  be  au  old 
^  that  the  age,  the  position  in  the  boiler  in  which  the  rent  has 
ten  place,  the  amount  of  strain  to  which  it  has  been  exposed, 
i  all  the  circumstances  connected  with  the  occurrence,  should 
kiown  in  order  to  decide  understandingly  as  to  the  quality  of 
>  iron.    It  has  been  shown,  in  numerous  instances,  that  good  duc- 
I  iron  can  be  made  to  appear  crystalline  when  pulled  asunder 
the  testing-machine,  by  confining  the  minimum  sectional  area 
fire  fracture  will  occur  to  one  point  or  to  a  very  short  length. 
^e  general  conclusions  with  regard  to  boiler  material,  which 
•y  be  regarded  as  established  from  experiments,  observations, 
i  practice,  thus  far  seem  to  be,  1st,  That  the  laws  of  le^sY^tstwe,^ 
the  parts  of  hoileiv  to  the  internsil  pressure  are  s.\iS^vi\e,\iXX.^ 
!/  established;  2d,  It  ia  of  the  utmost  importance  tViSit  \Xi^  ^cck»r 
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terials  employed  should  be  of  the  best  quality  as  regards  stre 
aud  durability ;  and  as  there  are  but  few  manufacturers  of  be 
plates,  the  inspection  of  materials,  especially  boiler-plates,'  sh 
be  made  by  competent  persons,  appointed  for  that  purpose,  al 
place  of  manufacture,  which  inspection  should  extend  to 
qualities  of  ores  and  the  process  of  manufacture,  the  reqn 
brands,  stamps,  or  certificates  being  put  on  or  authorized  b} 
inspectors  in  person.  There  is  much  greater  certainty  of  secu 
the  best  materials  by  an  inspection  of  the  process  of  working, 
of  the  raw  materials  employed,  than  by  an  inspection  of  p 
after  they  have  been  sent  to  market,  when,  judging  from  all  e: 
nal  appearances,  good  and  bad  plates  are  not  easily  distinguif 
Practical  limits  to  the  thickness  of  boiler-plates. — The  pi 
strength  of  boilers,  in  order  to  enable  t^iem  to  withstand 
safety  the  required  pressure  of  the  steam,  is  a  matter  of  ii 
importance  as  regards  both  life  and  property,  and  the  resp 
bility  of  the  proprietors  and  constructors  of  boilers  is  of  so  g 
a  character  as  to  justify  the  devotion  of  a  much  larger  spa< 
this  subject  than  is  convenient  in  this  work. .  The  principle 
which  the  strength  of  the  material  depends  may  be  expressc 
a  very  few  words,  —  the  strength  being  directly  as  the  thicl 
of  the  metal,  and,  inversely,  as  the  diameter  of  the  boiler. 

So  long  38  the  quality  of  boiler-iron  remains  as  it  is  at  pre 

the  thickness  of  the  plate  may  be  practically  determined  w 

exceedingly  narrow  limits,  as  a  good  boiler  must  be  constn 

of  piate  making  in  thickness  from  ^  to  i  an  inch,  as  anyl 

•w  than  the  former  cannot  be  properly  caulked,  and  any  tl 

*  greater  t\ian  the  latter  is  difficult  to  rivet  without  the  ai 

'diaiy.  A  thickness  of  f  seems  to  have  become  the  stan 

"  ^  >^^    ,1  ^\ametei8  of  boilers  intended  to  sustain  a 

"^  *    perhaps,  arises  from  the  fact  that  boiler-mi 

^' .  lusauainted  with  the  practical  limit  to  the  stre 

'  because  it  has  of  late  years  been  used  more 

^e\e»  fc^  *^*^^»  ^^  ^^'^  ^I^-^VV^Vmk  sbo^A 
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)r  Plates, — As  already  stated,  the  materiak  now  commonly 
r  the  shells  of  boilers  are  wrought-iron  and  steel.  The 
itions  for  this  material  vary  somewhat  in  different  local!- 
b  the  following,  being  that  of  the  Board  of  Trade,  is  much 
?he  material  to  have  a  tensile  strength  of  from  54,000  to 
pounds  per  square  inch,  to  show  an  elongation  at  the  point 
ire  of  not  less  than  18  per  cent,  in  10  inches,  but  should 
t  25  per  cent.,  and,  if  annealed,  not  less  than  20  per  cent. 

inches  wide  to  stand  bending  until  the  sides  are  parallel 
stance  from  each  other  not  greater  than  three  times  the 
ss  of  the  plate.  In  some  other  requirements  the  contrac- 
area  is  specified  instead  of  the  elongation,  and  in  some 
is  both  the  elongation  and  contraction  of  area  of  cross 
are  specified. 

L — For  stays  the  Board  of  Trade  requirements  are  that 
lile  strength  shall  lie  between  54,000  and  60,000  pounds  per 
inch,  with  an  elongation  of  not  less  than  20  per  cent,  in  10 

Steel  which  has  been  welded  or  worked  in  the  fire  should 
ised. 

i8. — If  wrought  iron  is  used,  it  should  have  a  tensile  strength 
ess  than  45,000  pounds  per  square  inch,  and  an  elongation 
;r  cent,  in  8  inches.  If  steel  is  used,  the  elongation  should 
ess  than  26  per  cent,  in  8  inches,  and  after  tempering  the 
•  should  stand  completely  closing  together.  Experiments 
indicate  that,  so  far  as  leakage  is  concerned,  iron  is  pre- 
because  it  is  not  subject  to  the  same  degree  of  expansion 
traction  as  steel. 
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CHAPTER  XL 


BOILERS:    THEIR   CARE   AND   MANAGE] 


GENERAL  INSTRUCTIONS. 

Water  LeyeL 

On  taking'  charge  of  an  engine  and  boiler,  first  aseertaii^ 
there  is  sufficient  .water  in  the  boiler,  and  then  trace  out  the 
and  connections  between  the  engine,  boiler,  and  pumps. 

On  first  entering  a  boiler-room  in  the  morning  ascertain  wl 
the  water  stands  at  the  proper  level  or  not. 

Never  fill  a  boiler  with  cold  water  while  the  shell,  fluei,! 
tubes  are  hot,  as  the  contraction  induced  by  the  tube  in 
will  have  an  injurious  effect. 

If  the  water  should,  from  any  unforeseen  cause,  become  di 
ously  low,  draw  the  fire,  allow  the  boiler  to  cool  down,  and 
admit  feed-water  nor  disturb  the  safety-valve. 

In  case  the  supply  of  water  should  be  temporarily  cut  ofi*,o! 
to  the  derangement  of  a  pump,  the  bursting  of  a  pipe,  or 
other  cause,  stop  the  engine,  cover  the  fire  with  Aresh  coal, 
shut  the  damper,  so  as  to  retain  a  sufficient  quantity  of  wateri 
the  boiler  to  start  on. 

In  all  cases  where  it  is  possible,  regulate  the  feed- water  so  ii 
send  it  into  the  boiler  in  a  steady  stream. 

When  fresh  water  is  used  in  marine  boilers  it  is  best  to 
salt  water  for  a  short  time  when  first  put  into  use,  in  ordtf  j 
cover  the  parts  with  a  thin  coat  of  scale.     This  prevents  them 
being  injured  by  the  action  of  fresh  water. 

Do  not  rely  entirely  on  the  glass  water  gauge,  but  try  the 
cocks.     If  they  do  not  agree,  ascetlam  \\i%  q»cvx^  «xvd  Turned; 
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The  water  gauges  must  be  kept  clean.  They  should  be  blowD 
frequently  to  prevent  the  passages  from  choking. 

The  water  should  not  always  be  fed  to  the  boiler  by  the  same 
iratus.  It  is  always  best  to  have  two  means  of  feeding  the 
ler.  Use  them  alternately  to  make  sure  that  both  are  in  work- 
condition.  Examine  the  check  valve  while  the  boiler  is  feed- 
to  satisfy  yourself  that  it  is  working  properly. 

Firing. 

^. Never  start  a  fire  under  a  boiler  until  you  are  satisfied  there  is 
ifficient  quantity  of  water  in  it. 

tefore  starting  a  fire  under  a  boiler,  place  a  small  quantity  of 
on  the  grates,  to  prevent  them  from  being  warped  by  the 
heat  of  the  new  fire. 
In  starting  a  fresh  fire  under  a  boiler  while  it  is  cold,  always 
)W  it  to  bum  gradually  at  first,  in  order  to  bring  all  the  parts 
the  boiler  to  a  uniform  temperature. 
Fire  slowly  and  evenly.  If  the  draft  is  weak  or  the  coal  poor, 
fires  must  be  carried  in  order  to  supply  the  necessary  amount 
[sir.  Medium  thick  fires  are  more  economical  with  good  draft 
fuel. 

[eep  the  grate  covered  with  fuel  and  do  not  allow  any  holes  in 
fire,  as  the  air  passing  through  carries  away  heat,  wasting  fuel. 
not  clean  the  fires  any  ofteuer  than  is  necessary. 
I  The  fires  should  not  be  disturbed  while  there  is  a  bright  light 
tbe  ashpit  from  the  glowing  coals  in  the  furnace. 
fir  there  are  several  furnaces,  they  should  be  fired  one  at  a 
B,  as  the  unoonsumed  carbon  which  always  tends  to  pass  out 
the  stack  when  fresh  coal  is  put  on  the  fire,  is  ignited  by  the 
from  the  other  furnaces.    Besides  the  supply  of  steam  is  more 
form  when  the  fiirnaces  are  fired  alternately. 
is  Important  that  the  fires  should  be  fed  frequently  with  a 
coal  rather  than  by  heaping  on  a  great  deal  at  a  time.     By 
ling  to  this  Hbe  economy  is  much  greater  and  the  aw^^Vj  oS. 
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T  le  best  coal  to  use  for  steamiDg  is  that  which  is  clean,  Im 
aud  iree  from  slate  and  earthy  matter.  It  is  poor  economy  tc 
cheap  coal,  as  it  requires  constant  cleaning  of  the  fires  and  in 
grates. 

Steam  Pressure. 

Never  cappy  a  higher  pressure  of  steam  than  is  necessary 
allow  the  water  to  rise  above  the  second  gauge-cock  in  the  I 
when  the  engine  is  running. 

Nevep  open  a  steam-valve  on  a  boiler  under  pressure  qu 
for  the  purpose  of  allowing  steam  to  escape  into  the  atmosp 
or  into  a  boiler  containing  a  less  pressure,  as  it  is  attended  ^ 
certain  amount  of  danger,  and  may  possibly  produce  an  e 
sion. 

The  steam  gauge  should  stand  at  zero  when  the  pressure 
If  it  does  not,  the  pointer  should  be  adjusted. 

The  safety  valve  should  be  ample  in  size,  and  it  should  be  i 
at  least  once  a  day  to  make  sure  that  it  acts  freely. 

When  the  safety  valve  is  blowing  off  the  steam  gauge  s 
show  the  pressure  at  which  the  valve  has  been  set.  If  it  doe 
find  out  which  is  wrong  and  correct  the  difficulty. 

Cleaning  and  Blowing  Off. 

The  heating  surface  should  be  kept  clean,  otherwise  th( 
of  combustion  will  not  be  effective  in  raising  steam.     The 
should  at  first  be  examined  frequently  to  ascertain  how  mucl 
and  scale  has  accumulated,  and  they  should  be  removed  at 
lar  intcirvals. 

Clean  the  flues  or  tubes  of  the  boilers  at  least  once  a  wee 
n(;v('r  nllow  ashes  or  cinders  to  accumulate  under  the  grates 

Boilers  under  which  a  forced  draught  is  used  require 
chaiK'd  ()i*t«tner  than  when  the  draught  is  natural. 

When  preparing  to  clean  boilers  allow  them  to  cool  dow 
th<;  water  to  nunain  in  them  until  ready  to  commence  dean 

//*  the  feed  watep  is  muddy  or  «>«A\.^  VAo^  off  a  portic 
quetuly  and  blow  off  the  boWer  e\x\\tfe\y ,  «»X.\^»&\.  csiifi^ 
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irer  neglect  to  blow  out  and  clean  boilers,  even  though  sol- 
are  used  for  the  prevention  and  removal  of  scale. 
len  it  becomes  necessary  to  blow  out  a  certain  quantity  of 
rater  from  a  boiler  every  day,  the  hand  should  never  be 
led  from  the  cock  or  valve,  as  any  diversion  of  a  person's 
:iou  from  it  may  allow  too  much  to  be  blown  out,  and  the 
•  to  be  ruined. 

ver  blow  out  a  boiler  under  a  head  of  steam,  as  the  heat 
ining  in  the  boiler  will  bake  the  scale  and  mud  on  the  sheets 
lues,  after  which  it  will  be  impossible  to  soften  it  again. 
amine  the  blow-^off  cock  and  see  that  no  water  is  escaping 
it  is  supposed  to  be  closed.  The  blow-off  cock  and  check 
s  should  be  examined  every  time  the  boiler  is  emptied. 

Leaks. 

ales  should  be  repaired  as  soon  as  they  are  discovered. 
a  tube  becomes  leaky  in  the  tube-sheet,  it  may  be  made 
by  inserting  a  tapering  ferule  about  ^  of  an  inch  larger  than 
iside  diameter  of  the  tube. 

a  tube  splits,  it  may  be  plugged  with  either  iron  or  wooden 
,  whichever  is  most  convenient.  Iron  is  best  for  the  end 
the  furnace,  while  wood  will  answer  for  the  smoke-box  end. 
e  object  of  caulking  is  to  bring  together  the  seams  of  boilers, 
1,  or  hulls  of  iron  vessels  after  riveting,  so  that  they  may  be 
3tly  steam-  or  water-tight.  This  is  done  by  using  a  sharp 
jound  to  a  slight  angle.  The  edge  of  the  plates  being  first 
•ed  or  planed  to  an  angle  of  about  110°,  the  calking  tool  is 
3d  to  the  lower  edge  of  the  chipped  or  planed  angle,  in  order 
ve  or  upset  the  edge,  thus  bringing  the  plates  together,  and 
Ting  the  joint  to  all  appearances  perfectly  steam-tight,  and 
to  resist  the  internal  pressure  brought, to  bear  upon  this  par- 
ir  point.  There  are  different  methods  of  calking,  but  the 
ive  method  has  many  points  of  preference  over  any  otl\<i.T. 
ra  should  never  be  calked  while  under  steam-  oy  v?«l\«,t- 
w^  however  light,  as  the  jarring  induced  by  the  caWvc^^  Ss 
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liable  to  spring  the  seams  and  cause  fresh  leakage  in  other 
of  the  boiler. 

Scale  Formation  and  Corrosion. 

The  tendency  in  all  boilers  is  toward  the  formation  of  a 
conducting  scale  or  incrustation  on  their  heating  surfaces,  wU 
lie  between  the  iron  and  the  water.     It  not  only  causes  an  i( 
creased  consumption 'of  coal,  but  allows  the  iron  to  become 
tallized  and  burned.     The  evil  effects  of  the  scale  are  due  to 
fact  that  it  is  a  non-conductor  of  heat.    Its  conducting  poi 
compared  with  that  of  iron,  is  as  1  to  35.5.    Consequently, 
fuel  is  required  to  heat  water  in  an  incrusted  boiler  than  in 
same  boiler  if  clean.    A  scale  ^  inch  thick  will  require  the 
penditure  of  15  per  cent,  more  fuel ;  this  ratio  increases  as  \ 
scale  thickens.    Thus,  when  it  is  i  inch  thick,  60  per  cent.  m( 
fuel  is  needed ;   i  inch  thick,  150  per  cent.,  and  so  on ;  coi 
quently,  to  raise  water  in  a  boiler  to  any  given  temperature, 
fire-surface  of  the  boiler  must  be  heated  to  a  temperature  coi 
sponding  to  the  thickness  of  the  scale. 

To  raise  steam  to  a  pressure  of  ninety  pounds,  the  water  mi 
be  heated  to  about  320°  Fab.     In  a  clean  boiler  of  |  inch 
this  may  be  done  by  heating  the  external  surface  of  the  shell 
about  325°.     If  ^  inch  of  scale  intervenes  between  the  shell 
the  water,  such  is  its  non-conducting  power,  that  it  will  be  n« 
sary  to  heat  the  fire-surface  to  about  700°,  almost  red  heat    Nc 
the  higher  the  temperature  at  which  iron  is  kept,  the  more  rapii 
it  oxidizes,  and  at  any  heat  above  600°  it  very  soon  becomes 
ular  and  brittle,  and  is  liable  to  bulge,  crack,  or  otherwise  git 
way  to  the  internal  pressure.    This  condition  predisposes  the 
to  explosions,  and  makes  necessary  expensive  repairs.     Again,  it i| 
readily  seen  that  the  presence  of  scale  renders  slower  and 
difficult  the  raising,  maintaining,  and  lowering  of  steam. 

The   minerals  which  constitute  the  basis  of  the  scale  wl 
forms  in  .siea/n- boilers   using  fres\v\Na.\.Gt  iiota  ^ella^  lakefl^ 
rivers,  are  sulphate  of  lime,  phospWle  oi  Vim^,  e»x\^\sAXfe  ^^\ai^ 
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puignesia,  silica,  and  alumina,  with  small  quantities  of  sesquioxide 
of  iron,  baryta,  carbonic  acid,  organic  matter,  chlorine,  sulphuric 
■cid,  potash,  calcium,  soda,  phosphoric  acid,  magnesium,  etc. 

The  principal  ingredient  in  the  scale  which  forms  in  marine 
Pboilers  using  sea  water  is  sulphate  of  lime,  but  no  very  injurious 
pfect  will  take  place  in  boilers  if  the  degree  of  saltness  is  not 
IftUowed  to  exceed  -^.  In  fact,  a  thin  coat  of  scale  is  beneficial,  as 
A  protects  the  iron  from  corrosion  and  internal  grooving. 
^  An  analysis  of  sea  water  shows  the  relative  quantities  of  the 
A^edients  it  contains : 


n 

Water 

»                        •                        .                        1 

.  964.745 

l» 

Chloride  of  Sodium  .        ^ 

r              •              •             " 

.     27.059 

k 

Chloride  of  Potassium 

0.766 

1 

Chloride  of  Magnesium 

3.666 

c 

Bromide  of  Magnesium 

• 

0.029 

h 

Sulphate  of  Magnesia 

• 

2.296 

m 

Sulphate  of  Lime 

1.406 

i 

Carbonate  of  Lime    . 

>■                                all/*                                                 .  • 

.  1                  n                           .   • 

.      0.033 

The  methods  for  preventing  the  formation  of  scale  in  steam 
Hers  are  innumerable.     In  general  it  may  be  said  that  where 

quantity  of  scale-forming  ingredients  is  small,  say  12  grains 

gallon,  the  trouble  may  be  obviated  by  the  use  of  chemicals 
boiler  compounds. 
The  composition  of  boiler  compounds  should  bo  determined 

the  nature  of  the  feed  water,  and  a  compound  that  is  very 

tive   in  one  case   may  be   worse   than    useless    in   another. 

example,  if  the  impurity  in  the  water  consists  largely  of  sul- 
ite  of  linae,  it  may  be  prevented  by  adding  the  proper  amount 
f-carbonate  of  soda  and  introducing  it  into  the  boiler  regularly 

the  feed  water;  but  if  the  scale-forming  ingredient  is  silica 
alumina,  say,  the  addition  of  carbonate  of  soda  to  the  feed 

if  will  be  ineffectual.     The  formation  of  scale  is  prevented 

the  use  of  boiler  compounds  only  when  their  action  iti  ^vieVi  ^^ 

taker  the  cbenuoa]  composition  of  the  ingredients,  so  l\\a\,  VasX.^^'^ 

frnmh-Mumiii^  Mlis  they  will  become  soluble  in  hot  YjaXet  ox  '; 
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fiuoh  a  nature  that  they  will  be  precipitated  in  the  form  of  powdc 
or  grains. 

It  is  evident,  therefore,  that  no  boiler  compound  can  be  efTectiv 
ill  fii-f^vfjtitiug  the  formation  of  scale  in  all  cases.  In  order  to  cb 
terrnine  the  kiml  of  preparation  to  use  in  any  particular  case  i 
in  lutcf'.siiiSLTy  to  have  a  complete  chemical  analysis  of  the  fen 
wat*T.  Thore  are  many  b«)iler  compounds  some  of  which  an 
fxcAUui  tor  individual  cast's:  but  it  mav  safelv  be  assumed  thtt 
if  any  nne  preparation  is  jruaranteed  to  prevent  scale  or  iiicrua 
tati'Hi.  no  matter  what  the  nature  of  the  feed-water  may  be,  tin 
user  will  be  liable  to  severe  disap|)ointment  if  nothing  worse. 

The  following  substances  may  be  used  efiectively  to  prevenl 
the  formation  of  scale:  Carbonate  of  soda,  if  tbe  ingredient  whid 
tends  to  produce  scale  is  sulphate  of  lime,  sodium  phosphate  ftl 
the  sulphatfs  of  lime  and  magnesium,  milk  of  lime  for  the  carboi 
ates  of  lime  and  ma(;nesium,  caustic  soda  and  soda  ash  for  the  cai 
boTiatc  and  sulphate  of  calcium  and  the  sulphate  of  magnesiiuj 
and  tannato  of  soda  for  the  suphate  and  carbonate  of  lime. 

If  the  quantities  of  scale-forming  ingredients  are  large,  boil 
compounds  arc  of  but  little  use.     In  such  cases  the  source  of  wat 
8U])])ly  shoulil  bo  changed,  or  else  the  water  should  be  puril 
The  use  of  a  feed-water  heater  is  sometimes  sufficient,  while  a 
denser  us(»d  in  eonnoction  wiih  the  engine  always  insures 
water.     If  the  water  is   absolutelv  free  from   salts,  or  if  it  il 
slightly  acid,  it  should  be  neutralized  by  adding  a  small  amoi 
t)f  lime.     Kain  water  and  condensed  steam  should  be  treated i| 
this  wrtv,  otherwise  thov  will  corrode  the  iron. 

To  remove  hard  scale  from  boilers  it  has  been  found  well 
add  \  pounil  of  caustic  soda  per  horse-power  and  steam  for  a 
hours.     If  this  is  done  just  before  cleaning,  the  removal  of 
wilJ  be  greatly  facilitatid. 

The  term  corrosion  means  wasting,  pitting,  or  grooving  of 
"laJ,  and  is  giMicrnlly  referred  to  undei:  two  heads,  nai 
tt^nd  external. 
B  eorroiion  presents  \\M{  '\^  ^\^«CQ&\.lQittQ&,«2^>ftte^ 
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^uses,  but  principally  to  the  minerals  and  acids  con- 
the  feed  water  with  which  steam-boilers  are  supplied. 
lal  corrosion  is  said  to  be  due  to  the  galvanic  action  of  the 
in  the  fuel  and  the  gases  in  the  atmosphere,  and  both  causes 
ately  associated  with  combustion,  or  stimulated  by  it ;  as 
and  minerals  which  are  in  solution  in  the  water,  and  lib- 
'  the  heat,  attack  the  boiler  internally,  while  the  sulphur 
liberated  by  the  combustion  of  coal  has  a  strong  affinity 
ron  of  which  boilers  are  constructed,  and  attacks  it  ex- 

non  in  marine  boilers  is  caused  chiefly  by  the  action  of 
r  and  air  while  the  boiler  is  under  steam,  and  by  the 

moisture  and  air  when  it  is  standing  idle.  Numerous 
ave  been  employed  to  overcome  this  difficulty,  the  most 
of  which  are  the  formation  of  a  thin  layer  of  scale  by 

for  a  short  time  with  sea  water,  painting  the  interior 
tland  cement,  or  the  use  of  metallic  zinc  suspended  in  the 
d  steam  spaces.     The  two  former  methods  reduce  the 

of  the  heating  surface  somewhat,  but  aid  materially  in 
ig  the  life  of  the  boiler.  The  action  of  the  zinc  is  galvanic, 
e  excellent  results  have  been  produced  by  its  use  in  some 
las  been  found  in  others  to  produce  a  hard  and  tenacious 

Foaming. 

fig  in  marine-boilers  using  jet-condensers  is  generally 
J  changing  the  water  from  salt  to  fresh,  or  vice  versdj  and 
jvident  by  the  boiling  up  of  the  water  in  the  glass  gauge, 
iraing  arises  from  this  cause,  the  water  in  the  boiler  should 
ed  as  soon  as  possible,  which  can  be  done  by  putting  on  a 
id,  and  blowing  out  continuously,  or  at  short  intervals ; 
ren  become  necessary  to  throttle  down  the  engine,  cut  off 
even  stop,  in  order  to  ascertain  the  level  of  the  water  in 
rs. 

f  foaming  can  he  checked  by  opening  tbe  f\iTii«tc^-^oot, 
?  dawj?er,  and  covering  the  fire  with  fresh  coa\\  \>vx\.  \Sdcm 
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means  of  relief  should  be  used  as  little  as  possible,  because  it  hafli 
tendency  to  injure  the  boiler,  owing  to  the  sudden  contraction  ofl 
parts  most  exposed  to  the  fire.    All  the  phenomena  connected 
foaming  have  not  yet  been  satisfactorily  explained;  but, 
whatever  cause  it  may  arise,  it  is  always  attended  with  a  cei 
amount  of  danger.     Foaming  is  sometimes  confounded  with 
ing,  but  they  arise  from  different  causes,  and  are  productive  of  ( 
ferent  results.     Foaming  is  always  made  manifest  by  the  viol 
agitation,  the  rising  and  falling  of  the  water  in  the  gauge, 
the  muddy  appearance  of  the  water. 

Foaming  is  induced  in  stationary  boilers  by  a  filthy  condit 
particularly  in  those  to  which  the  feed  water  is  supplied  thi 
open  heaters,  in  consequence  of  the  oil  or  tallow  employed 
lubricating  the  cylinder  being   carried  over  with  the  exl 
steam.     The  water  in  locomotive-boilers  foams  on  some  parts 
the  road,  while  on  other  sections  this  phenomenon  never 
fests  itself,  which  may  be  attributed  to  the  presence  of  alkali 
saline  matter  in  the  water  with  which  the  boilers  are  supplied 
certain  parts  of  the  road.     Foaming  is  induced  in  all  boilers 
the  want  of  proper  proportion  between  the  water-space,  heat 
surface,  and  steam-room  of  the  boiler,  and  also  from  the  al 
of  sufficient  steam-room  in  the  boiler  to  supply  the  cylinder. 

Priming. 

The  term   Priming  is  understood   by  engineers   to  mean 
passage  of  water  from  the   boiler  to  the  steam-cylinder  in 
shape  of  spray  instead  of  vapor.     It  may  go  on  unseen,  butiti 
generally  made  manifest  by  the  white  appearance  of  the 
as  it  issues  from  the  exhaust-pipe  as  moist  steam,  which  has  a  wl 
appearance  and  descends  in  the  shape  of  mist,  while  dry  steam 
a  bluish  color  and  floats  away  in  the  atmosphere.     Priming 
makes  itself  known  by  a  clicking  in  the  cylinder,  which  is  cai 
by  the  piston  striking  the  water  against  the  cylinder  head  at 
end  of  the  stroke. 
Priming  is  generally  induced  by  a  n^^hX.  o^  svi^^veuX  ^x»bss!krT»9 
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boiler,  the  water  being  carried  too  high,  or  the  steam-pipe 
too  small  for  the  cylinder^  which  would  cause  the  steam  in 
3iler  to  rush  out  so  rapidly  that,  every  time  the  valve 
i,  it  woiild  induce  a  disturbance,  and  cause  the  water  to  rush 
nto  the  cylinder  with  the  steam. 

Steam-Boiler  Explosions. 

principal  causes  of  explosions,'*'  in  fact,  the  only  causes, 
Sciency.  of  strength  in  the  shell  or  other  parts  of  the  boilers, 
essure  and  over-heating.  Deficiency  of  strength  in  steam- 
may  be  due  to  original  defects,  bad  workmanship,'  deterio- 
from  use  or  mismanagement.  Deficiency  of  strength  aris- 
»m  bad  workmanship  is  the  most  difficult  to  discover,  and 
frequently  escapes  the  closest  scrutiny,  more  particularly  in 
je  of  flue,  tubular,  and  locomotive  boilers. 
r- pressure  may  be  caused  by  the  safety-valve  being  over- 
ed  ;  by  its  sticking  on  its  seat ;  by  the  inadequate  size  of 
nmunication  between  the  boiler  and  valve,  or  by  an  incor- 
id  worthless  steam  gauge.  Overheating  may  be  produced 
ihere  is  a  disproportion  between  the  grate-  and  heating-  sur- 
3r  where  the  heat  from  a  large  grate  is  concentrated  pn  a 
space.  Under  such  circumstances,  the  heat  is  delivered  with 
ntensity  as  to  lift  the  water  from  the  surface  of  the  iron, 
y  exposing  it  to  the  direct  action  of  the  fire. 
lesions  occurring  from  excessive  firing  are  in  all  cases  the 
of  avarice,  ignorance,  or  a  want  of  skill  in  the  care  and 
ement  of  the  steam-boiler.  Overheating  may  be  caused 
accumulation  of  hard,  solid  incrustation  adhering  to  the 
Tiost  exposed  to  the  direct  action  of  the  fire,  or  it  may  be 
insufficiency  of  water,  resulting  from  leakage  of  the  valve 
.-cock,  a  failure  in  the  supply-pipe,  or  a  neglect  to  turn  it 
he  proper  time  or  in  sufficient  quantity. 
eam-boiler  may  be  well  designed,  of  good  mateiVaV,  aw^  qI 


*SeeBoper'8  "Use  and  Abase  of  the  Steam-Boiler." 
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first-class  workmauship,  and  yet  in  a  few  months,  after  being 
under  steam,  it  may  explode  with  terrible  effect.  On  ezamii 
into  the  cause  of  the  explosion,  it  may  turn  out  that  the  wi 
used  made  a  heavy  deposit ;  that  the  boiler  had  not  been  cl< 
since  it  was  put  into  use ;  that  the  fires  had  been  fiercely  ui 
and  the  water  driven  from  the  surface  of  the  iron ;  as  a 
the  life  had  been  entirely  burned  out  of  the  sheets  over  and 
the  fire,  thereby  weakening  the  boiler,  and  putting  it  in  a 
gerous  condition.  That  the  sudden  heating  or  cooling,  and* 
tion  of  the  boiler,  induce  great  deterioration  of  strength 
been  pr6ved  by  experience.  Defects  in  the  material,  as  bli 
lamination  arising  from  inferior  material,  or  want  of  care  in 
manufacture,  are  other  sources  of  weakness  in  steam-boilers. 

Upward  of  300  boiler  explosions  occur  annually  in  the  Uni 
States,  incurring  the  loss  of  over  300  lives  and  450  injuries  of  i 
more  or  less  serious  character. 

Technical  Terms  used  in  Connection  with  Boilers 

their  Adjuncts. 

Air-casing. — An  arrangement  attached  to  fire-  and  smoke-l 
doors  for  the  purpose  of  preventing  radiation  of  heat 

Ash-pit. — The  space  below  the  grate,  where  the  ashes 
raulate. 

• 

Blast- pipe. — A  small  pipe  used  to  blow  steam  into  th^  fiini 
of  locomotive  and  marine-boilers  for  the  purpose  of  exciting 
draught  in  the  furnace. 

Blow-off  cocks. — Cocks  used  for  blowing  the  water  out 

steam-boilers. 

Check-valve.  —  A  valve  used   to   retain  the  water  in  st 
boilers,  and  relieve  the  feed  apparatus  from  the  pressure. 

Check-chamber, — The  cUambet  m  \^\i\Oa.  >pafc  ^^k.-^ 

operates. 
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Connecting-pipes. —  The  pipes  which  connect  check-valves  with 
^am-boilers. 

F^"pwn- sheet. — That  part  of  fire-box  boilers  (locomotive  or 
ne)  directly  over  the  fire. 

|fX)rown-bars. — Bars  placed  on  the  upper  side  of  crown-sheets, 
k  the  water-space,  for  the  purpose  of  strengthening  them. 

^-Curvilinear  Seams. — The  curvilinear  seams  of  a  boiler  are 
^oee  around  the  circumference. 

'Crown -braces. — Braces  attached  to  the  crown-bars,  and  to  the 
lells  and  domes  of  boilers,  for  the  purpose  of  resisting  the  press- 
re  exerted-  on  the  flat  sjarfaces  of  crown-sheets. 

'  Dashers. — Iron  plates  which  are  sometimes  attached  to  the  in- 
ide  of  steam-boilers  to  prevent  the  cold  water,  as  it  enters,  from 
briking  the  tubes. 

Dead-plate.— The  solid  iron  plate  which  fills  the  space  between 
lie  end  of  the  grate-bars  and  the  fire-door  of  boiler-furnaces. 

Deflector. — An  arrangement  employed,  in  the  furnaces  of  loco- 
lotives  and  marine-boilers,  for  the  purpose  of  mixing  the  air  and 
uses  arising  from  the  combustion  of  the  fuel,  and  causing  them 
>  ignite. 

Diaphragm-plate. — A  perforated  plate,  used  in  the  steam-domes 
C  locomotives  and  marine-boilers,  to  prevent  the  water  from  being 
Brried  over  iuto  the  cylinder  with  the  steam. 

Dome. —  An  elevated  chamber  on  the  top  of  steam-boilers,  from 
'hich  the  steam  is  generally  taken  for  the  cylinders. 

Dome-stays. — ^^Stays  employed,  in  the  domes  of  locomotives  and 
arine-boilers,  for  the  purpose  of  strengthening  them. 

Ory  F/pe.— A  perforated  pipe  placed  iu  the  steam  €>T>ace.,^TOTO 
74 
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which  the  steam  is  taken  from  the  boiler — frequently  used  in  p 

of  domes. 

/■ 

Flue. — ^Any  portion  of  a  boiler  through  which  the  productf 

combustion  from  the  furnace  pass  before  entering  the  stack. 

Forced  Draught. — A  supply  of  air  to  the  furnace  by  \ 
method  other  than  the  natural  draught  produced  by  the  chimii 

Grate  Surface. — The  aggregate  area  of  the  grate,  iqcluding 
bars  and  the  spaces  between  the  same.  It  is  usually  measured 
square  feet. 

Gusset  Stays. — Triangular  plates  of  iron  used  for  staymg 
flat  ends  to  the  cylindrical  shell  of  a  boiler. 

Heating  Surface. — All  that  portion  of  the  surface  of  a  boi 
internal  and  external,  that  is  touched  by  steam  or  water  on 
one  side  and  by  the  combustion  gases  on  the  other. 

Knees. — Brackets  riveted  to  the  sides  of  steam-boilers,  for 
purpose  of  sustaining  them  on  their  supports. 

Longitudinal  Seams. — The  seams  which  are  parallel  to 
length  of  a  boiler  are  called  the  longitudinal  seams. 

Shell. — The  outside  steel  or  wrought-iron  casing  of  a  boi 
(formerly  made  of  cast-iron). 

Spanner-guard. — An  arrangement  employed  to  prevent  co 
and  valves,  connected  with  marine  engines  and  boilers,  ft 
being  opened  or  closed  by  accident. 

Scum-cooks. — Cocks  employed  to  blow  off  extraneous  8 
stances  from  the  surface  of  the  water  in  steam  boilers. 

Spectacles. — Pieces  of  iron,  with  concave  sides,  employed 
traces  hetween  the  tubes  of  marine  boilers,  generally  for  the  ] 
^^se  of  stopping  leaks. 
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.Steam -space. — That  part  of  a  boiler  occupied  by  the  steam. 
a  practice  it  is  about  one-fourth  of  the  cubic  contents  of  the 

caler. 

f 

Stay-tubes. — ^Tubes  used  for  bracing  marine  boilers.    They  are 

Fierally  made  of  thicker  material  than  either  the  ordinary  fire- 
water-tubes. 

Tube -sheets. — ^The  sheets  into  which  the  tubes  are  inserted  at 
hkch  end  of  the  boiler. 

Waist. — A  term  applied  to  the  cylindrical  part  of  locomotive- 
ir.  marine-boilers. 

I  Water-space. — ^That  part  of  a  steam-boiler  which  is  occupied 
bp  the  water:  It  is  generally  about  three-fourths  of  the  cubic 
patents  of  the  boiler. 

Technical  Terms  applied  to  Firing. 

Ik 

Start  Fires. — This  term  is  understood  to  mean  starting  fresh 
lines  in  furnaces  with  shavings,  wood,  coal,  etc. 

Bank  Fires. — This  term  is  understood  to  mean  covering  the 
fares  down  with  a  thick  body  of  coal  at  night,  or  when  the  engine 
|Nm  to  be  stopped  for  an  indefinite  period. 

Slice  Fires. — This  means  to  push  back  the  fire  to  the  bridge- 
nil,  and  then  draw  out  the  cinders,  after  which  the  fire  is  drawn 
llvward,  distributed  over  the  grates,  and  fresh  fuel  supplied.  The 
nms  slice  and  clean  fires  have  the  same  meaning. 

Draw  Fires. — ^This  term  is  understood  to  mean  to  draw  the 
kitire  fire  from  the  furnace  for  the  purpose  of  allowing  the  furnace 
^  cool  for  stoppage  or  repairs,  as  the  case  may  be. 
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QUESTIONS. 

THE  ANSWERS  TO  WHICH  MAY  BE  FOUND  IN  THE  TEXT. ' 

How  were  the  first  steam  boilers  constructed  ? 

What  were  the  reasons  for  abandoning  the  plain  cylindi 
boiler  ? 

Describe  and  make  sketches  of  the  Cornish,  Lancashire,! 
•Galloway  boilers. 

What  are  the  advantages  of  Galloway  tubes? 

Why  are  furnaces  of  boilers  made  corrugated? 

What  is  meant  by  a  tubular  boiler  ? 

What  is  the  difference  between  a  tubular  boiler  and  a  ret 
tubular  boiler  ?    Make  a  rough  sketch  of  each. 

Make  a  sketch  showing  the  method  of  setting  a  tubular  bi 
in  brick-work. 

Wliat  is  the  course  of  the  combustion  gases  in  a  return  tabi 
boiler? 

What  is  the  difference  between  an  internally  and  an  extern 
fired  boiler  ?     Make  sketches  showing  the  difference  in  the  setti 

What  different  methods  are  employed  in  tubular  boilers 
taking  off  the  steam  ?  • 

What  advantages  have  tubular  boilers  over  other  types? 

Describe  the  Babcock  and  Wilcox  type  of  steam  boiler. 

What  are  some  other  water-tube  boilers? 

Describe  the  Bellpaire  fire-box  boiler. 

What  advantages  are  claimed  for  water-tube  over  fire^ 
boilers?  Which  of  the  two  is  the  safer?  Which  is  the  chei 
to  build  ?  .     • 

Why  is  the  fire-tube  or  tubular  type  of  boiler  preferabll 
some  cases  to  the  water-tube  type? 

What  are  the  characteristics  of  marine  boilers? 

Why  are  the  boilers  used  for  marine  purposes  built  difierfll 
from  those  used  on  land  ?  i 

]\rake  a  sketch  of  a  modern  marine  boiler,  showing  the  shelL 
nacos,  tubes,  and  method  of  alaym^.  \w^\e»Xfcv^l  %xtft^ 
course  of  the  gases. 
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Sow  mauy  furnaces  are  used  in   marine  boilers  of  different 

.'meters  ? 

Why  do  the  fiirnaces  in  marine  boilers  have  independent  com- 

Btion  chambers? 

What  conditions  must  be  taken  into  consideration  in  designing 

somotive  boilers? 

What  are  the  principal  features  wherein  locomotive  boilers  dif- 

rfrom  stationary  and  marine  boilers? 

How  is  the  draught  produced  in  locomotive  boilers  ? 

"What  material  is  used  in  the  construction  of  the  fire-boxes  of 

somotive  boilers?    Why  are  they  not  made  of  the  same  mate- 

|l  throughout  ? 

Is  the  locomotive  type  of  boiler  used  for  any  other  purpose  ? 

Pat  would  be  the  object  of  using  it  for  any  other  purpose? 
fine  horse-power  of  boilers.     What  is  the  Centennial  rating? 
bw  should  boilers  be  rated  ? 
at  conditions  affect  the  quantity  of  steam  that  can  be  gene- 
in  a  boiler? 

hat  amounts  of  water   can  be  evaporated  in   fire-tube  and 
'-tube  boilers  under  good  conditions?     How  much  is  usually. 

Operated  in  practice? 

What  percentage  of  the   fuel  is  utilized  in  actually  making 

|bn  ?     What  becomes  of  the  balance  ? 

iWhat  considerations  determine  the  surface  of  the  grate  ?     Is  it, 
neral,  an  advantage  to  have  a  large  grate  surface  ? 
a  SO-horse-power  boiler,  having  a   grate   surface  of  four- 
square feet,  how  much  coal  would  be  consumed  per  hour, 
quality  of  the  coal  and  the  condition  of  the  boiler  being  good  ? 
the  above  boiler  what  would  be  the  consumption  of  coal  per 
power  per  hour?      How  much  water  per   pound  of  coal 

be  evaporated  from  and  at  212°? 
Iiat  is  the  average  ratio  of  heating  surface  to  grate  surface  in 
lary  boilers  using  anthracite  coal?     What  is  it  where  bvtVL- 
8  coal  is  used  ? 

fst  Is  the  beating  surface  in  the  tubes  of  a  marme  \io\\e.\ 
21d  two-inch  tubes? 
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What  is  the  total  heating  surface  of  an  externally  fired  tube 
boiler  6  feet  in  diameter,  10  feet  long,  having  100  three-ii 
tubes  ? 

What  pressure  will  burst  a  cast-iron  cylindrical  boiler 
inches  in  diameter,  the  tensile  strength  of  the  material  be 
18,000  pounds,  and  its  thickness^l  inch? 

What  pressure  can  be  safely  carried  in  a  cylindrical  boiler  i 
single-riveted  joints,  the  diameter  being  5  feet,  thickness  of  d 
i  inch,  tensile  strength  55,000  pounds,  and  factor  of  safety  4? 

What  should  be  the  thickness  of  the  shell  of  a  stationary  boi 
6  feet  in  diameter,  with  double-riveted  joints,  to  safely  can] 
pressure  of  200  pounds  per  square  inch,  using  a  factor  of  sal 
of  4? 

What  pressure  can  be  carried  with  safety  on  a  boiler  flue  2  i 
in  diameter,  10  feet  long,  and  J  inch  thick? 

What  different  methods  are  used  for  staying  boilers? 

What  materials  are  mostly  used  in  the  construction  of  stei 
boilers? 

What  qualities  are  most  essential  in  a  good  boiler  materi 
What  are  the  most  common  defects? 

What  are  the  characteristics  of  boiler  iron  when  broken  ? 

What  material  is  preferable  for  tubes  ?     Why  ? 

Explain  the  meaning  of  the  technical  terms  applied  to  thei 
ferent  adjuncts  of  steam  boilers. 

What  course  should  an  engineer  or  fireman  pursue  when  fi 
entering  the  boiler-room  in  the  morning?  i 

What- precaution  should  be  taken  before  starting  a  fire  undd 
boilcT?  ^  I 

What  courr^e  should  an  engineer  adopt  on  taking  charge  of  | 
en<rinc  and  boiler  for  the  first  time?  i 

How  should  the  fire  be  regulated  when  first  started  under 
ijoiler? 

Under  what  conditions  should  a  boiler  be  blown  out?  i 

Whiit  should  be  the  condition  of  a  boiler  when  it  is  to  befil 
with  cold  water?  ^ 
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dat  course  should  be  adopted  with  boilers  before  cleaning? 

►w  should  boilers  be  treated  when  2i  forced  draught  is  used? 

»w  should  the  pressure  in  a  boiler  be  regulated  ? 

m  should  the  kindling  material  be  placed  on  the  grate  pre- 

ory  to  starting  a  fire  ? 

>w  often, should  steam-boilers  be  cleaned? 

ould  the  cleaning  of  boilers  be  neglected,  when  solvents  are 

for  the  prevention  and  removal  of  scale  ? 

hat  precautions  should  be  taken  before  new  boilers  are  put 

jervice  ? 

)w  often  should  the  flues  or  tubes  of  boilers  be  cleaned  ? 

hat  course  should  be  adopted  in  case  the  water  in  a  boiler 

nes  dangerously  low  ? 

hat  course  should  be  pursued  in  case  the  water-supply  be- 

s  interrupted  for  any  length  of  time? 

hat  precaution  should  an  engineer  take  in  case  it  becomes 

sary  to  blow  out  a  certain  quantity  of  water  every  day  ? 

)w  should  the  supply  of  feed-water  be  regulated  ? 

hat  advantages  are  gained  by  filling  marine  boilers  with  salt- 

•  for  the  first  time  ? 

hat  is  the  meaning  of  the  term  "  salting "  when  applied  to 

le-boilers  ? 

lat  parts  of  any  class  of  steam-boilers  are  most  likely  to  suf- 

)m  the  eflTects  of  heat? 

lat  is  the  most  practical  method  to  adopt  in  case  a  boiler 

hould  become  leaky? 

at  course  should  an  engineer  or  fireman  adopt  in  case  a 

)econies  split? 
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CHAPTER  XII. 

VALVES,  GAUGES,  ETC. 

Safety  Valves. — It  frequently  happens  in  steam  boilers  t 
through  eaiiBCH  over  which  the  fireman  has  no  control,  but  n 
rrt'(|Ut5ntly  through  negligence  on  his  part,  the  steam  prea 
rwvH  above  that  which  the  boiler  is  designed  to  carry.  0 
<»UHly,  \s\\v\\  this  is  the  case  there  would  be  great  danger  of  str 
in^  tho  hoiltT  or  even  of  its  entire  destruction,  if  it  were  not 
vidrd  with  somo  <levico  for  relieving  the  excess  of  press 
iK^viiu^H  usi'd  tor  this  purpose  are  called  safety  valves,  and  t 
tHiUMiHt  t^ssvntially  of  a  combination  of  a  valve  with  weight 
Hprin^rt  and  havers,  so  arninged  that  when  the  pressure  in 
hoi  lor  oxihhhIs  that  which  it  is  intended  to  carry,  the  valve 
uiul  allows  tho  pivssurt^  to  Ih>  rolioved. 

Th0  lift  of  safety-vUlves,  like  all  other  puppet-valves,  decre 
\\H  il\o  pi\^ssuiv  iiu'ivasos;  but  this  seeming  irregularity  ma; 
oxplaiui^l  aM  tollows:  a  cubic  toot  of  water  generated  into  st 
Hi  o»u^  pound  pivssuiv  por  sv|uaro  inch  above  the  atmosphere 
Imw  a  vv»luiuo  v»t*  abv»ut  loOO  cubic  feet.  Steam  at  this  pres 
will  llv»\\  »nu»  ihc  jitiuvv-iphciv  with  a  veK)oity  of  482  feet  per 
ohil  Now.  -.uppv'.M'  ilu-  ^ica'.t  N\:is  ij^uierated  in  live  minutes,c 
JiOO  u\onJ  ,  ;iikI  I  ho  .iivH  v^:'  ii:i  oriticc  to  permit  its  escape  as 
mi  U  t^  ycnciau'il  l»c  uviuuvvl.  loi'O  vlivided  by 482  X  300  will , 
filP  Him  (W    du'  ouiiccx  l^,  :sv\c.Arv  W\i<^    If  the  same  quai 


THE     ENGINEER'S     H  ANDY-fiOOK.  Sl7 

iter  be  generated  into  steam,  at  'a  pressure  of  50  pounds 
5  the  atmosphere,  it  will  possess  a  volume  of  440  cubic  feet, 
Nili  flow  into'the  atmosphere  with  a  velocity  of  1791  feet  per 
id.  The  area  of  an  orifice,  to  allow  this  steam  to  escape  in 
ame  time  as  in  the  first  case,  may  be  found  by  dividing  440 
r91  X  300 ;  the  result  will  be  j^  square  inches,  or  nearly  |  of 
uare  inch,  the  area  required.  It  is  evident  from  this  that  a 
1  less  lifl  of  the  same  valve  will  suffice  to  discharge  the  same 
ht  of  steam  under  a  high  pressure  than  under  a  low  one,  be- 
B  the  steam,  under  a  high  pressure,  not  only  possesses  a  re- 
d  volume,  but  a  greatly  increased  velocity;  it  is  also  obvious 
a  safety-valve,  to  discharge  steam  as  fast  as  the  boiler  can 
rate  it,  should  be  proportioned  for  the  lowest  pressure. 
here  does  not  appear  to  be  any  recognized  rule  among  boiler 
ers  for  proportioning  safety-valves,  since^  while  one  allows  one 

of  area  of  safety-valve  to  every  66  square  feet  of  heating- 
ice,  another  gives  1  inch  area  of  safety-valve  to  every  4  horse- 
BT,  while  a  third  allows  1  inch  area  of  safety-valve  to  1 J  square 
of  grate-surface.  This  last  proportion  has  been  proved  by  • 
)rience  to  be  capable  of  admitting  of  a  free  escape  of  steam, 
out  allowing  any  greater  in6rease  of  pressure  than  that  for 
^  the  valve  is  loaded,  providing  that  all  the  parts  are  in  good 
dng  order.  It  is  obvious,  that  no  valve  can  act  without  a 
it  increase  of  pressure,  as,  in  order  to  lift  at  all,  the  internal 
Bare  must  exceed  that  of  the  load.  Doubtless,  most  safety- 
es  are  larger  than  is  actually  required,  and  but  few  boiler 
osions  occur  from  want  of  safety-valve  area.     The  most  prob- 

causes  of  accidents  arising  from  safety-valves  are  that  they 
either  overloaded  or  out  of  order.  A  badly  proportioned 
y-valve,  whether  too  large  or  too  small,  is  objectionable,  and 
ways  attended  with  a  certain  amount  of  danger. 
ifety  valves  may  be  divided  into  three  general  classes,  accord- 
o  the  manner  in  which  they  arc  loaded. 
lie  simplest  forni  of  safety  valve  is  that  in  which  an  otSaw^t^ 
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CHAPTER  XII. 

VALVES,  GAUGES,  ETC. 

Safety  Valves. — It  frequently  happens  in  steam  boilers  thi 
through  causes  over  which  the  fireman  has  no  control,  but  ma 
frequently  through  negligence  on  his  part,  the  steam  pressm 
rises  above  that  which  the  boiler  is  designed  to  carry.  Obi 
ously,  when  this  is  the  case  there  would  be  great  danger  of  straii 
ing  the  boiler  or  even  of  its  entire  destruction,  if  it  were  not  pr 
vided  with  some  device  for  relieving  the  excess  of  pressui 
Devices  used  for  this  purpose  are  called  safety  valves,  and  thi 
consist  ev^sentially  of  a  combination  of  a  valve  with  weights  < 
sprinp*  and  levers,  so  arrangeii  that  when  the  pressure  in  d 
Iwiler  excveds  that  which  it  is  intended  to  carry,  the  valve  lif 
and  allows  the  pressure  to  be  relieved. 

The  lift  of  safety-valves,  like  all  other  puppet-valves,  decretf 
as  the  pressure  increases:  but  this  seeming  irregularity  may  I 
explaineii  as  follows:  a  cubic  foot  of  water  generated  into  stea 
at  one  pound  pressure  per  square  inch  above  the  atmosphere  wi 
have  a  volume  o\^  about  U>00  cubic  feet.  Steam  at  this  pressn 
will  flow  into  the  atmosphere  with  a  velocity  of  482  feet  per  se 
ond.  Now.  suppose  the  si  cam  wiis  irenenited  in  five  minutes,  or! 
300  secoHiU.  and  the  aiva  ot'  an  oritice  to  jiermit  its  escape  as  ft 
as  it  is  conoratoil  bo  ivquiroil,  U^OO  divideii  by  482  X  300  will  gi^ 
f/w  :irc:i  ot'  flic  oritice.  1*\  sv\vu\tx>  uwVw^,     If  the  same  quantii 
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water    be  generated  into  steam,  at  'a  pressure  of  50  pounds 
>ve  the  atmosphere,  it  will  possess  a  volume  of  440  cubic  feet, 
will  flow  into'the  atmosphere  with  a  velocity  of  1791  feet  per 
md.     The  area  of  an  orifice,  to  allow  this  steam  to  escape  in 
same  time  as  in  the  first  case,  may  be  found  by  dividing  440 
1791  X  300 ;  the  result  will  be  5^  square  inches,  or  nearly  |  of 
y-  square  inch,  the  area  required.     It  is  evident  from  this  that  a 
ich  less  lift  of  the  same  valve  will  suffice  to  discharge  the  same 
^ht  of  steam  under  a  high  pressure  than  under  a  low  one,  be- 
the  steam,  under  a  high  pressure,  not  only  possesses  a  re- 
volume,  but  a  greatly  increased  velocity;  it  is  also  obvious 
It  a  safety-valve,  to  discharge  steam  as  fast  as  the  boiler  can 
;rate  it,  should  be  proportioned  for  the  lowest  pressure. 
lere  does  not  appear  to  be  any  recognized  rule  among  boiler 
ters  for  proportioning  safety-valves,  since,  while  one  allows  one 
of  area  of  safety-valve  to  every  66  square  feet  of  heating- 
j,  another  gives  1  inch  area  of  safety-valve  to  every  4  horse- 
5r,  while  a  third  allows  1  inch  area  of  safety-valve  to  1|  square 
of  grate-surface.     This  last  proportion  has  been  proved  by  * 
jrience  to  be  capable  of  admitting  of  a  free  escape  of  steam, 
lout  allowing  any  greater  in6rease  of  pressure  than  that  for 
5h  the  valve  is  loaded,  providing  that  all  the  parts  are  in  good 
ing  order.    It  is  obvious,  that  no  valve  can  act  without  a 
\t  increase  of  pressure,  as,  in  order  to  lift  at  all,  the  internal 
jure  must  exceed  that  of  the  load.     Doubtless,  most  safety- 
Ives  are  larger  than  is  actually  required,  and  but  few  boiler 
lesions  occur  from  want  of  safety-valve  area.     The  most  prob- 
causes  of  accidents  arising  from  safety-valves  are  that  they 
either  overloaded   or  out  of  order.     A  badly  proportioned 
by-valve,  whether  too  large  or  too  small,  is  objectionable,  and 
'Iways  attended  with  a  certain  amount  of  danger. 
Safety  valves  may  be  divided  into  three  general  classes,  accord- 
to  the  manner  in  which  they  arc  loaded. 
he  simplest  form  of  safety  valve  is  that  in  wlucYv  av\  ot^\wwc^ 
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which  the  position  of  this  plug  ffwill  be  clear.  It  is  pr< 
with  a.  chuck  nut  lo  hold  it  in  position  after  the  desired  pi 
been  obtnined.     The  lock-up  arrangement  is  also  clearly  ehc 


Aehton  Lock-up  Pop  Safoty  Valve. 


Ihin  out.  nnd  it  will  l>i'  sivn  thai  the  padWic  must  be  rei 
hpfi>rp  iho  n-snilatin^  sonw  can  be  reached.  The  trip  le 
movitbit-,  !»ini  may  Iv  n-iulily  chaniMi  to  stand  in  any  d 
pmftion. 

Rnlrs. 

<|i_(t»r_rf» '?.■.■'  .■''■  vr-i-'ll  i.rrr<-viTytopv/  on  atafety-^ahe 
tim  rtm>  ,■!' nihr.  i/vis'.  r,  ftr..  nrf  tnomt, — Mnltipl 
if  Vttlw  liy  (ho  pn>Sf«ri  "to  ^i\k"ni»  ^t  ei\u«rQ  intdi ;  i 
l|  pM(hi«t  hy  tho  tii>tan(v  of  tine '^iSRft  fiwe.  "^  l& 
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lultiply  the  weight  of  the  lever  by  one-half  its  length  (or  its 
intre  of  gravity) ;  then  multiply  the  weight  of  valve  and  stem 
y  their  distance  from  the  fulcrum ;  add  these  last  two  products 
>gether ;  subtract  their  sum  from  the  first  product,  and  divide 
be  remainder  by  the  length  of  the  lever ;  the  quotient  will  be  the 
reight  required. 

Rule  for  finding  the 'pressure  per  square  inch  when  the  area  of 
utve,  weight  of  bally  etc,^  are  known. — Multiply  the  weight  of  ball 
>y  the  length  of  lever,  and  multiply  the  weight  of  lever  by  one- 
lalf  its  length  (or  the  distance  from  the  fulcrum  to  its  centre  of 
gravity)  ;  then  multiply  the  weight  of  valve  and  stem  by  the  dis- 
ance  from  fulcrum.  Add  these  three  products  together.  This 
am  divided  by  the  product  of  the  area  of  the  valve,  and  its  dis- 
ance  from  the  fulcrum,  will  give  the  pressure  in  pounds  per 
quare  inch.  • 

Rvle  for  finding  the  distance  from  the  fulcrum  at  which  the  weight 
hoidd  be  placed  for  a  given  blovring-off  pressure, — Multiply  the 
irea  of  the  valve  in  square  inches  by  the  steami  pressure  per  square 
nch  and  subtract  the  weight  of  the  valve  and  stem  in  pounds.  Mul- 
iply  the  diflference  by  the  distance  from  the  valve  to  the  fulcrum 
D  inches,  and  to  this  product  add  the  product  of  the  weight  of 
he  lever  by  the  distance  of  its  centre  of  gravity  from  the  ful- 
irum.  This  sum,  divided  by  the  weight  of  the  ball  in  pounds,  will 
i;ive  the  required  distance  in  inches. 

Rule  for  finding  the  distance  of  the  centre  of  gravity  of  taper  levers 
froni  the  fulcrum. — To  the  width  of  the  small  end  of  the  lever  add 
ne-third  of  the  difference  between  the  large  and  tlie  small  end  of 
lie  lever.  Multiply  the  sum  by  the  length  of  tlie  lever  and  divide 
lie  product  by  the  sum  of  the  large  and  the  small  end  of  the 
ever,  all  in  inches.  .The  quotient  will  be  the  required  distance  in 
nches. 

All  of  the  preceding  rules  may  be  expressed  by  simple  formulse, 
18  follows : 

Let  the  diagram  on  page  222  represent  the  lever  «>vvfe\.^  n«\n^ 
ihown  on  p^ge  218  d,  and  let 
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SHI— 


z. 


ac 


6, 


TT  =  weight  of  ball  in  pounds. 

w  =  "    valve  and  stem  in  pounds. 

Wi  =  "     lever  in  pounds. 

li  =  distance  from  fulcrum  to  valve  in  inches. 

k  ='        "  "     valve  to  ball  in  inches. 

Z  =        "  "     fulcrum  to  centre  of  gravity  of  lever  in  in( 

p  =  steam  pressure  in  pounds  per  square  inch. 

a  =  area  of  valve  in  square  inches. 

b  =  width  of  large  end  of  lever  in  inches. 

bi  =  "     small       "         "        " 

L  -=  total  length  of  lever. 

Then  :  p  a  li  =  wli  -i^  Wil  +  W(li  +  4) 

iir  -   P  <^h  -  {yj  h  -^  Wil] 


P 


a  Ix 

b  ±Jb,     L 

^  ~  ~b  i  b,  ""  "3 


Areas  of  Safety  Vjilves. 

As  has  been  stated  above,  there  is  no  general  rule  for  d< 
mining  the  areas  of  safety  valves.    TW  ioWomw^  t\x\^  >&  Que 
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nended  by  a  committee  of  the  Franklin  Institute,  appointed  in 
7  for  the  purpose  of 'investigating  the  matter. 
(ule. — Multiply  the  grate  area  in  square  feet  by  22.6  and 
ide  the  product  by  the  sum  of  the  steam  pressure  in  pounds 
square  inch  and  the  constant  number  8.62.  The  quotient  will 
the  area  of  the  safety  valve  in  square  inches. 
rhe  United  States  regulations  for  steam  vessels  require  that 
er  safety  valves  shall  have  an  area  of  not  less  than  one  square 
h  to  two  square  feet  of  grate  surface,  and  the  seats  of  the  valyes 
St  have  an  inclination  of  45°  to  the  centre  line  of  their  axes, 
is  rule  is  frequently  adhered  to  foe  stationary  boilers  also. 

Safely  Water  Columns. 

Safety  Water  Columns. — Next  to  keeping  the  steam  pressure 
hiu  the  limits  of  safety,  the  most  important  point  to  be  observed 
operating  steam  boilers  is  the  maiutenance  of  the  proper  water 
el.  If  the  water  level  is  too  low,  there  is  danger  of  burning 
5  tubes  and  plates  and  perhaps  of  wrecking  the  boiler ;  if  it  is 
I  high,  water  is  liable  to  be  carried  along  with  the  steam  and 
ise  damage  in  the  engines,  while  a  constant  variation  in  the 
ter  level  produces  a  waste  of  fuel  and  unsteady  pressure,  and  ini- 
irs  the  life  of  the  boiler.  Safety  water  columns  have  been 
rised  for  the  purpose  of  insuring  owners  of  steam  boilers  against 
ddents  of  this  kind.  They  are  so  arranged  that  any  variation 
the  water  level  beyond  reasonable  limits  will  be  loudly  pro- 
imed  by  means  of  a  suitable  steam  whistle.  The  accompanying 
s  illustrate  the  Beliance  Safety  Water  Column.  The  apparatus 
intended  to  replace  both  the  gauge  cocks  and  glass  water 
ige  ordinarily  used,  and  contains  in  addition  the  mechanism 
Brred  to  above  for  giving  an  alarm  when  the  deviation  of  the 
ter  level  from  the  normal  becomes  too  great.  It  will  be  seen 
m  the  sectional  view  of  the  apparatus  that  the  outside  c«kS.\w^ 
itaius  two  floats  suspended  by  links  from  two  bcW  cTa^riV  \«^^^^ 
icb  sre  attached  to  the  whistle.     So  long  as  the  vjalet  Vav^  '^^ 
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I  above  the  centre  of  the  lower  gauge  cock  and  h 
l-tlie  upper  gauge  cock,  the  bottom  float  presses  upward  bj 
t  of  its  buoyancy,  while  the  top  float  presses  downward  bj 
\  i)f  it£  weight  and  the  two   valves  to  the  whistle 


below  wHI 


aiiia,  however,  the  water  line  passes  the  centres  of  eat 

P  lower  gJiuge  cocks,  the  reverse  of  the  above  lubt 

|.  valve  is  openeil,  giving   the   desired  alarm.     T! 

inber  at  the  bottuni  Is  for  the  purpose  of  collec 

ivided  with  a  blow-off  opening,     The  ( 

1^  &ii  standard  littiuga,  so  Ihat  any  kind  of  vate 

i  may  be  used.     The  annexed  cut  sbowB  . 

•  oock  w\i\c\i  Ki&^'  \ie  xias-l  where  the  v 
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int.     It  differs  irom  the  usual  type  in  this  partiouUr,  that 
I  (^pulling  down  the 


to  open  the  cock,  the 

is  lifted,  and  vbeo 
it  is  held  against  the 
erely  by  the  weight 
ball.  This  srrange- 
has  the  advantage 
he    seat,   not   being 

next  to  the  boiler, 
i  the  cutting  ^eot  of  the  sediment. 


Etellance  Iiaakleae  Qauffe  Oock. 


Steam  Pressure  Oanges. 

lit  the  year  1849  Eugene  Bourdon,  of  France,  diecovered 
le  free  end  or  ends  of  a  flattened  or  elliptical  metallic  tube, 
ing  sufficient  elasticity  for  use  as  a  spring,  would   move 

pressure  was  exerted  in  it  through  the  medium  of  a 
applied  externally  or  internally ;  that  the  motioo  was 
ct  proportion  to  the  pressure  applied ;  and  that  when  the 
re  was  removed  they 

assume  their  former 
n.     From  thia  circum- 

he  conceived  the  idea 


mam  spring  or  means 
tion.  But,  though  it 
enerally  conceded  at 
ime  that  the  hoi  Ion 
)ring  gauge,  as  invent- 

Bnurdon,  excelled  in 


"evious  mechanical  ar-     Exterior  View  of  CroSby'B  Btetaa 
leatempJojedibrtbat  Gauge. 


rienMHj 
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purpoBfi,  nevertheless,  it  waa  demonatrated  hy  experien^ 
^^^^^^n^  a  device,  owing   to  ^ 

jl^^^^^^^^^K,  liai*  conatnintion,  was  nol 

j^^pH^H^^^m^^V  adapted  for  all  the  purpoe 
which  pressure  gauges  at 
ployed,  aa,  in  consequ^i 
being  held  only  at  ooe  e 
would  vibrate  from  a  Bi 
shock  or  alight  change  of 
are,  thus  caoEing  the  poin 
oscillate  on  the  dial-plat 
duchig  friction  and  wear 
rendering  the  indicatioi 
the  gauge  uncertain  and 
sive.  Besides,  the  dip  of 
a  spring  caused  it  to  ret 
portion  of  the  wiiter  condtnseil  in  it,  thus  rendering  it  Hal 
burst  in  cold  weather,  to  be  strained  by  freezing,  and  lose  its  te 


To   overcome   these 

I  aud    tried,  but   they 

L  almost  invariably  embodied  the 

I  same  defects    as    those   above 

I  mentioned,  aud  were  subject  to 

E  errors,  the  gravest  of 

'  which  arose  from  the  straight- 

eniug  or  setting  of  the  springs. 

Steam  users  are  more  indebted 

to  George  H.  Crosby  for  reme- 

I dying  the  furegoing  defects  in 
pressure  gauges,  and  for  the  pro- 
duction of  a  perfectly  reliable 
Bteam  gauge,  than  to  any  one 
previous  to  his  time,  as  he  dis- 
tpvered,  by  observation  and  ex- 
■unea^  that  only  the  hoci^p;^  ^'^ 


numerous  devices  have 
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DgB  or  tubes,  while  under  varying  pressure,  had  been  used 
itofore,  and  that  they  had  a  perpendicular  or  upward  action, 
fell,  when  the  springs  were  of  proper  length  and  shape,  and 
:  by  uniting  these  motions  by  proper  mechanism,  it  could  all 
ransmitted  to  the  pointer.  In  accomplishing  this,  he  discov- 
I  that  a  firmer  and  atiffer  spring  than  any  heretofore  used  for 
same  pressure  was  an  absolute  necessity.  And  as  a.  result, 
pressure  over  that  indicated  by  the  pointer  on  the  dial  will 
Bt  their  original  elasticity,  and  vibration  of  the  pointer  under 
png  pressure  is  obviated ;  besides,  in  consequence  of  the  spring 
ig  held  at  the  lowest  points,  they  have  no  dip,  whicli  arrange- 
it  admits  of  the  water  returning  to  the  siphon,  thus  preventing 
sing.  Thus  it  would  seem  that,  while  the  Crosby  gauges  em- 
ce  all  the  desirable  points  in  the  original  Bourdon  gauge,  they 
I  embody  many  others  which  have  been  demonstrated  by  expe- 
ice  to  he  absolute  necessities  in  the  construction  of  an  accurat«v 
ible,  and  serviceable  steam  gauge. 

lelf-Testing  Steam  Gauges. — This  class  of  gauges  is  of  great 
ortance,  convenience,  and  utility,  as  the  engineer  in  charge  can 
ays  ascertain  whether  hie  gauge  is  correct  or  not  by  observing 
following  instructions : 
off  all  pressure  that  may 
OD  the  gauge,  after  which 
[pointer  will  fall  to  ze 
Ijl  unscrew  th'e  plug  on  the 
Uiand  side,  which  uncov- 
Ihe  hook.  To  this  hook  I 
■  the  first  weight  by  the  I 
idle.  This  is  marked  by 
ertain  number,  and  the 
iter  should  travel  at  once 
he  corresponding  number 
lie  dial,  if  correct  at  tliis  i^?!^ 

It      But   if  the  pointer  Oroabre  Self-Testing  Steam  Qo.>i«*. 
t&  below  or  above  this 
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Crosby's  T(m:uiiiii  Giiuee. 


number,  it  will  indicate  just  how  mudh  the  gaage  is  "  out,"  u 
whioh  direction.  Prooeei 
adding  tiie  next  high^  n 
bered  weight,  and  coutinn 
before. 
VaouBin  Gauges. — Tbe 
I  ditione  under  which  vaei 
I  gauges  act  are  tlie  reven 
I  Bteam  gsugee,  as,  in  the  t 
um  gauge,  the  interior  of 
tube  is  influenced  bjthe  v 
um,  while  ite  exterior  ia 
posed  to  the  acti(>n  of  Uk 
mosphere.  The  principle 
covered  by  Bourdon  ie  a.pf 
ill  most  of  the  gauges  now  used,  as  it  has  been  found  applicab 
the  various  devices  which  are  used  in  measuring  pressure 
vacuum. 

Recording  pressure  gauges,  though  a  comparatively  re 
addition  to  the  Hat  of  appliances  which  are  Lo  be  found  in 
boiler  room,  are  now  used  in  every  well-equipped  plant 
finjt  of  these  to  be  placed  on  the  market  was  the  Bristol  Bee 
iug  Gauge,  and  the  other  makes  are  hii^ly  modifications  of 
type.  The  recording  gauge  consists  essentially  of  a  combini 
of  a  clock  mechanism  with  an  ordinary  steam  gauge.  The 
consists  of  a  removable  paper  which  Is  arranged  to  make 
complete  revolution  in  twenty-four  hours.  The,  circles  on 
dial  indicate  the  pressure,  while  the  sinuous  lines  iudicate 
hour.  By  the  combined  motion  of  the  pointer,  vrhicb  is  actoi 
by  the  stcHm  pressure,  and  the  dial,  which  is  actuated  by 
clock-work,  a  record  is  made  of  the  prrasure  which  haa  heea 
tied  in  the  boiler.  The  end  of  the  pointer  is  filled  with  ink  I 
to  make  an  indelible  record.  The  cut  on  page  229  shows  <m 
fAese^uges  mounted  with  an  0T4\na.T-3  ^aMLif^i'which  makes*) 
and  useful  appliance  for  the  boWet  Tooia. 
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MpkOR-gsiige  is  a  bent  tube  inverted,  and  partially  filled 
I  mercury.  The  onfice  ot  the  short  leg  is  connected  with  the 
it,  aud  the  long  leg  is  open  to  the  atmoHphere.     The  Kteam 


Bing  upon  the  mercury  in  the  short  k'g  with  greater  f 
n  ihe  weight  of  die  atmosphere,  causes  the  mercury  in  the  other 
to  riie,  and  indicates  lie  excess  of  pressure  above  \X\*X  ^^  fee 

'  'ft^e  luaoant  ehown  by  the  gauge  muA\>e^4^^^ 


'2:>0  rnr.    kniiIneek"s    haxdy-book. 

::;<^  ^^r\>fiiinY  k^:  zl\<  ac:iuHiphei\\     Thus,  if  a  8iphon-gaug< 
'.  "*  :>^i;:^i>  yr\>«i.:r^\  :'::«:  S^'.Ur-rrtiiSSur^  is  30  pounds. 

\  mencun'jl  giuje  :or  hich-prvs^un?  steam  engines  < 
. :'  A  ^'.Ass  :/..v  v';v.-  s:  :"«t  '.,"w-t  lud.  and  closed  at  the  t( 
'.<  'w:^  AT  \'\  '.:<•  r*::"Ary  >:a:t\  I:s  lower  end  is  place 
-■>;<•  TV.  -•:'  "fr.'v.rv  \V>t:.;  :r.«:  cvvk  is  opened  the  steam 
:.  r  .:j;-..  -Vr,-/.,:  ::.<  r..:r,c.rT  ;:i*  ihe  irlasis  tube,  thereb' 
.•.r:s> :,:  :>.t'  a-.t  •"   :":i    :„":•;    *:vTr  ihe  mereurv.     Wh 

m 

f.  :    j>    .vr.  viriisfto   i"    ;v.;->i*f  :ts   .-rl^inal  space,  the  p 
j>  ■;  ...r  :o;  :;   ;.r. ;-:>.>»;.  ;;  ^>  inc^Ktsi:  *o  one-fourth,  it  is 

A  harometer<>9Juge  is  *  *;:>f-  of  clas?^  more  than  30  inch( 

•I  >.:•-.  u.\  ;.yff  iiT'.ci.  ar^.i  f.Vii*^.  "WTi-h  irjfrccjrr.  then  inverted 

m 

■  !«■    ?v::   ;.:vr.  i'\  cL  vi.".  "ix  i r/.TTif rsi'i  in  a  cs«cm  of  m\ 

\  !•■•:    'i.i*i  :.i::\".::t  ir.  ihc  !..>"  wi",  sink,  rising  in  iLe  basii 

•  V    -:  -,   rifci/*:;.'^^  ihi  Trcssv.vc  of  iiic  ii^nosj-bri^e,  which 

III  ■  ■.  ••     :    ;•■■.  ■..;i'.  v    .  :»;  !•.;:•*■]  ro  stani  ab:*;::  c-j  ir./i-s 

^m  sr-.aif  f/  £  ha^orrrter-pauge  mbr  ht  fxjiJairj-vi  is  : 

■'     .I*-:--    .    :.   ■••■.-■    .  ■:-;«s>  .K  wii  virh   Ebt  mjiti  f.  r:*r 

;.-n.  •■:iii-  •'    -:  •       '     :?-    .»••:  i»c.iif*r(   iiirtu.  rwr  iL«:rri«>  ::  - 

'■"•■•'  ■:'  '•'      • '.  ■■      •:   jinssr.rf..  aiifi  a  sntjf  :j:.i..:r 

'■•■     ■'  -Ti     !■'    11  ■  •  ■.  •  ■         ;:■:    :t.i    r.i'wardf  ncins:   :•►  ixt 

■  :•  .:*     :  *'■  -    V      :•  i  ..'I.  vi..u  :.bf  eiurinc  is  v::£  : 

''  •  ■'■    .'■■.:.    -:*:.•:    i)rt»fl  on'T  i»i    nu-rL:'. : 

■ 

-    '■      ^  :■  •' -    ■•■".   :: ;  :w£  iien£iuiir  ;iiif  :o 

"'••-    ••        ■  .     \      ::.  ;>       Tiiai   iht    iirtrssL"^  .:' 

T,  .^-jMitM.    .:.....  ...     .,.^    ^  hahjt   1.1   :«iuii:£':. 

tl*-    .r*tVJ?'!  .-.i.     .  ....         ...      T;:.,-;;ef,    ,j|.   Tilt    SlI7l1tilKi7> 


I 

t 
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erroneous,  on  account  of  the  sinking  of  the  mercury  in  the  cup 
as  it  rises  in  the  tube. 

The  first  source  of  error  may  be  corrected  by  observing  the 
actual  height  of  a  weather  barometer,  and  subtracting  it  from  the 
height  as  shown  by  the  gauge.  This  will  be  correct,  if  a  tube  of 
a  standard  diameter  is  used.  .  This  error  may  be  corrected  by  a 
short  gauge,  similar  to  what  a  weather  barometer  would  be  if  it 
were  enclosed  in  a  space,  communicating  with  the  condenser.  In  that 
event,  before  a  vacuum  is  created,  the  mercury  would  stand  as 
high  in  the  glass  tube  as  in  the  weather  barometer.  On  creating 
a  vacuum,  thus  taking  off  the  pressure  from  the  mercury  in  the 
cistern,  the  mercury  would  fall  in  the  tube.  In  this  instrument, 
the  less  the  height  of  the  mercury  the  better  the  vacuum. 

The  second  source  of  error  may  be  obviated  by  having  a  mov- 
able instead  of  a  fixed  scafe,  so  that  its  lower  end  might  always 
be  kept  in  contact  with  the  surface  of  the  mercury  in  the  cup. 

A  siphon -gauge,  such  as  has  been  spoken  of,  may  be  used  as  a 
vacuum-gauge.  When  so  used,  it  is  necessary  to  connect  the  long 
leg  with  the  condenser,  placing  a  stick  in  the  short  leg.  In  this 
case  the  scale  would  require  to  be  graduated  directly  contrary 
to  that  for  steam.  The  state  of  the  atmospherj  will  affect  the 
gauge.  The  pressure  in  the  steam-boiler  may  be  ascertained  by 
the  temperature,  by  the  safety-valve,  or  by  the  steam-gauge,  but 
it  is  not  customary  to  measure  the  temperature  in  the  boiler  to 
ascertain  the  pressure.  The  scale  of  all  pressure  gauges  should, 
from  time  to  time,  be  compared  with  that  of  a  standard  gauge, 
and  any  error  that  may  exist  in  the  caliberation "  should  at  once 
be  remedied.  Similarly  the  bio  wing-off  pressure  of  the  safety 
valve  should  be  tested,  and  care  be  taken  to  see  that  the  valve  lifts 
at  the  right  pressure  as  shown  by  the  gauge.  The  pressure  gauge 
and  the  safety-valve  are  perhaps  the  two  most  important  access- 
ories of  a  steam  boiler,  as  on  these  depend  the  safety  of  the  entire 
plant.  Hence,  those  in  charge  cannot  be  too  careful  to  ae^  WvaX 
they  are  always  in  proper  working  order. 
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The  Salinometer.* 

A  Salinometer  is  a  form  of  hydrometer  ueed  to  determiu 
quaotity  of  salt  contained  in  the  water  of  marine  boilen,  at 
which  the  amount  nf  water  neci 
to  be  blonn  out,  to  keep  the  wal 
the  boilers  at  a  certain  density,  m 
ascertaiued.  It  is  a  graduated 
tube,  and  floats  in  the  water  at  a  I 
prc^ortional  to  its  density  or  sal 
It  is  marked  0  for  fresh  water ;  . 
sea-water  that  contains  1  lb.  of  s; 
32  lbs.  of  water ;  ^  when  it  coi 
'  2  ibs.  of  salt  to  32  lbs.  of  water,  s 
on.  Each  divieion  is  subdivide! 
fourparts,Bhowing  halves  and  qm 
It  is  graduated  for  a  temperatu 
200°  Fah  A  uniform  standai 
temperature  is  necessarv  since 
must  be  taken  from  the  pressure 
boiler  in  order  that  it  may  assui 
regular  temperature  under  the  pri 
oi  ti)e  atmosphere  because  steii 
diflercut  pressures  has  ditlerent 
petalure'^  and  a  difierence  in  ten 
I  ture  will  alter  the  indications  i 
f  hydrometer 

The  amount  of  salt  in  the  wa 

a  boiler  ma}  be  ascertained  by  o 

iiig  the  degree  of  the  boiliug-poi 

means  of  a  thermometer.     To  d( 

a  sufficient  quantity  of  the  water  in  the  boiler  sliould  be  t 

tiffin  a  long  copper  vessel,  and  brought  to  the  boiling-point. 

J/ii/iiciye  the  (Jiernio meter.     For  every  Yiouud  of  salt  coutaii 

.yi*  /A--,  of  ivulcr,  the  temperature  rm^s  wne  Oie^ti-t.    "Ww*. 

*  See  page  'iZl . 


The  Sallnometer. 
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)r  contains  ^^  of  salt,  it  will  boil  at  213*^ ;  if  ^,  at  214° ;  if  ^%, 
l5•5^  and  ^^,  at  216'6°. 

ilt-water,  at  the  usual  density,  contains  ^^  of  its  weight  of  salt ; 
equently,  if  one  pound  of  salt  enters  the  boiler  with  every  32  lbs. 
Eiter,  and  16  lbs.  of  that  water  be  evaporated,  the  one  pound  of 
remains  in  the  proportion  of  1 :  16.  Again,  if  ^  of  the  16  lbs.  of 
r  remains  to  be  evaporated,  the  one  pound  remains  in  the  8  lbs. 
ater.  Now,  if  these  8  lbs.  of  water  were  blown  out  of  the  boiler, 
alt  would  go  with  it;  and  so  long  as  that  proportion  is  carried  out, 
aturation  cannot  exceed  /^ ;  from  which  it  is  clear  that,  to  keep 
r  at^%, one-fourth  must  be  blown  out;  one-third  at  -j^j,  and  at 
le-half  of  the  water  used  for  feed  must  be  blown  out. 
lie  eiTora  in  the  hydrometer  may  be  corrected  in  the  following 
DOT :  Every  10°  difference  in  tempeniture  will  vary  the  indi-  ' 
^ns  I  of  ^\j,  200°  Fah.  being  the  standard.  Then,  if  the  water 
)°  over  200°  Fah.,  it  will  show  \  of  ^'j  less  than  its  true  density ; 
if  10°  below  200°  Fah.,  it  will  indicate  ^  of  Vj  more.  Moreover, 
e  grade  be  200°  Fah.,  the  thermometer  shows  210°,  and  the  hy- 
leter  indicates  a  density  of  /j,  the  true  density  will  be  2^ ; 
if  the  temperature  be  190°,  it  will  be  IJ. 
Salinometer  may  be  constructed  by  taking  a  long  glass  tube, 
inserting  in  it  suflScient  shot  to  sink  it  in  fresh  water,  marking 
3oint  at  which  the  water  stands  in  the  tube.  Then  immerse 
tube  in  water  containing  -^^  part  of  salt,  when  the  point  at 
;h  the  water  stands  will  be  the  sea-water  mark.  Similarly 
erse  in  water  containing  ^2^,  ^\,  etc.,  up  to  ^|  of  its  weight 
•it,  marking  off  the  respective  points  at  which  the  water  stands, 
isfer  these  marks  to  a  scale,  and  paste  it  inside  the  bottle  in 
:tly  the  same  position  as  the  marks  on  the  bottle,  and  the  result 
good  salt-gauge.  The  temperature  must  always  be  the  same 
hen  the  hydrometer  was  graduated. 

ow  to  use  a  Salinometep.— Draw  off  some  water  from  the 
jrs,  and  when  the  ebullition  has  ceased,  try  its  tempeTaiwT^  mXJcv 
Qrmometer.    If  the  temperature  exceeds  that  matVLed  oxi  \)cv^ 
7aietei7  let  it  eool  till  it  reaches  that  degree  ;  and  \t  t\\^  Vesa- 
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perature  is  less  than  that  marked  on  the  salinometer,  it  must  t 
raised  till  it  reaches  that  degree.  Then  immerse  the  salinometi 
iu  the  water  and  let  it  float ;  if  the  level  of  the  water  is  at  -^^  c 
less,  there  is  no  occasion  for  blowing  ofl*;  but  if  it  exceeds  -^^^  d 
water  must  be  changed.  The  degrees  of  temperature  usuall; 
marked  on  the  salinometer  are  190°,  200°,  210°.  Before  using  th 
salinometer,  it  should  be  wet  all  over  with  water. 

TABLE 

SHOWING  THE  PROPOBTION  OP  SALT  IN  THE  WATER  OF  DDFPERENT  SEAI 


Baltic  Sea 

Black  Sea... 

Arctic  Sea 

Irish  Sea 

British  Channel. 


PARTS  IN  1000. 


6-60 
21-60 
28-30: 
33-76 : 
35-50 


Mediterranean  Sea.... 
Atlantic  at  Equator... 

South  Atlantic 

North  Atlantic......... 

Dead  Sea 


PASTS  IN  lOOOl 


39-40 
39-42 
41-20 
42-60 
386-00 


t 

H 


:fl 


TABLE 

SHOWING    THE    BOILING-POINT  OF  SALT-WATER  AT   THE   DIFFERENT   Dl 
GREES  OF   DENSITY,  WHEN  THE  BAROMETER  STANDS  AT   30  INCHES. 


SATURATION. 

BOILING-POINT. 

Fresh  water 

Sea-water 

212    °  Fah. 
213-2      " 
214-4      " 
215-5*    " 
216-7      " 
217-9      "     • 
219-1      " 
220-3      " 
221-5      " 
222.7      " 
223-8      " 
225-0      " 
2261       " 

^% 

5 
32 

6 
315 

^% 

9 

"3  2 
1  0 
3^ 
1  1 
"3^ 
12 
333 

T/ie  meaning  of  the  term  saturaWox\,\Ti\\aT^la.tlon  to  the  watc 
ofmariue  boilers,  means  the  quantity  oi  a«Xt  \V.  e,Q)\i\aAn&'^T^Q&2^^ 
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*ation  at  ^^^  means  4  oz.  salt  to  one  gallon  fresh  water ; 
z.  salt  to  one  gallon  water ;  ^^,  12  oz.  salt  to  one  gallon 
md  so  on.  In  carrying  the  water  at  ^^,  twice  as  much  is 
ed  into  steam  as  is  blown  off.    At  ^,  the  water  blown  off 

X  converted  into  steam  are  equal.    At  ii_.  the  water  con- 

^  32' 

into  steam  equals  |  of  the  water  blown  off. 
following  table  shows  the  method  of  regulating  the  satura- 
00  gallons  of  water,  which  is  supposed  to  contain  7200  oz. 
beiog  made  the  basis  of  the  calculation. 


out  . 


at  3'^  to  make 
r  deficiency 


Water 

in 
Gallons. 

Salt 

in 

Ounces. 

600 

200 

7200 
2400 

400 
200 

600 
200 

400 
200 

4800 
800 

5600 
steam 

5600 
800 

600 
200 

6400 
steam 

400 
200 

600 

6400 
800 

7200 

{  evaporated. 


I  evaporated. 


toWowing  calculation  shows  the  loss  induced  Vi^  Wo^vc^^ 
ell  as  the  gain  derived  from  fresh-water  coudeiafteTa,  Y^^ 
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viding  they  are  tight,  and  the  condensation  of  the  steam  be  pe^ 
feet.  The  degrees  of  heat  imparted  to  the  water  coDverted  into 
stream  are  the  total  heat  of  the  steam  minus  the  degrees  of  heat 
in  the  feed-water.  The  heat  lost  by  blowing  off  is  the  difference 
between  the  heat  of  the  feed-water  and  the  sensible  heat  of  th* 
steam. 

Rule  for  finding  the  percentage  of  loss  induced  by  blowing  off 
to  prevent  saturation. 

Multiply  loss  by  blowing  off  by  100,  and  divide  the  product  by 
the  total  degrees  of  heat  imparted  to  the  water  plus  the  heat  loot 
by  blowing  off.  (Observe  that  for  /j,  as  twice  as  much  water  is 
converted  into  steam  as  is  blown  off.     For  ^%,  the  amount  is  equal 

13 

For  ij_,  the  amount  is  |,  and  so  on.)     The  result  is  the  percentage 

3    4> 

of  loss. 

Example.  —  ^\. 

Feed-water,  110°  ;  total  heat,  1193-45° ;  sensible  steam,  260^ 

260°  — 110^  =  150°  heat  lost  by  blowing  off. 

1193-45°  — 110°  =  1083-45°  total  heat. 

1083-45°x 2  =  2166-9°-fl50°  =  2316-9°  total  heat  imparted, 
and  loss  by  blowing  off. 

(150°  X 100)  -r-  2316-9°  =  6-47  per  cent,  of  heat  lost  by  blow- 
ing off. 

The  out  on  page  237  represents  the  Circulating  SalinometeTn 
which  keeps  up  a  continuous  circulation,  so  that  the  degree  of  satu- 
ration can  be  observed  at  any  moment,  thus  avoiding  the  necessity 
of  frequently  drawing  off  the  water.   This  salinometer  consists  of  a 
large  and  a  small  pot  attached  to  the  same  bottom,  one  inside  of  the  j 
other,  with  a  coil  in  the  annular  space  between  the  two  pots.   Thkj 
coil  is  connected  at  the  top  with  a  globe-valve,  and  at  the  bottom " 
with  a  passage  leading  into  the  small  or  testing-cup,  which  contains  ^ 
a  hydrometer  and  thermometer,  the  latter  being  hung  by  a  spring* 
hook  on  the  upper  edge  of  the  pot.     The  right-hand  globe-valve- 
js  used  for  admitting  cold  water  mlo  tbe  aunular  space  between: 


r 


!CHB    ENOIKEEIt'S    HASDY 

for  tlie  purpose  of  reilucing  the  temperature  of  the  v 

\aage  from  the  boiler  to  the 

Jegree,  eo  that  it  may  rise  in 

5-pot  perfectly  quiescent,  and 

t  the  proper  height ;  and  ihe 

<D  is  maiutaiued  by  oppiiiugs  i 

t  near  the  top,  through  which 

ffs  into  the  aoniilar  space  b&- 

H  two  pots,  after  which  it  eB-    , 

b  the  cold  water  by  the  eacape- 

tthe  passage-way,  making 
nection   at   the   bottom, 
■s  are  situated  upon  each 
t  aud  left,  and,  ahould  they 
hoked  by  sediment  resulting 
Idy  water,  they  can  be  cleaned 
lisconncctlug  the  escape-pipe 
ning  a  wire   through   thera. 
^OOC'k  at  the  bottom  is  only 
Bptying  the  testing-pot  when 
Uid  has  no  communication 
png  else. 
r  from  the  boiler  and  the 
.1(1    way    become 
t^t  by  the  bursting  of  the 
S  aot  likely  to  happen  un- 
I  be  left  full  of  water  and 
eeze.     Tlie  coila  are  thor- 
1  before  th«y  are  put  in ; 
Ot  specially  designed  to  be 
%illg  can  escape  from,  ttie 
be  oold  water,  and   that 
leiwnularBpace  is  allowed 
rB,  whieb  is  umicvcssary, 
U  qiMutity  of  cold  water 
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3  sufficient  to  reduce  the  temperature  of  the  water 
through  the  coil.  A  hole  is  d 
the  back  of  the  Isi^  pot,  i 
top,  which  allows  the  water  fa 
in  case  it  should  accidentally 
The  cold  water  is  suppl 
^  pipe  connected  by  a  globe-vah 
pipe  or  valve  below  the  water- 
plying  cold  water,  and  led  to 
nometer.  If  it  should  be  di 
place  the  saliuometer  above 
side  water-level,  the  cold  wafe 
supplied  by  some  of  liie  pumj 

In  erecting  these  salinomeh 
may  be  secured  to  the  boilers 
head,  but  when  there  are  two 
boilers,  a  very  neat  and  coi 
arrangement  may  be  made  b 
them  close  together  on  a  plain  i 
plate  fastened  down  with  tap-b 
with  the  pipe  for  the  cold  wat 
just  above  them,  with  a  T  t 
and  branch  to  each  one  the  pla 
secured  with  tap-bolts  in  any 
lent  place  m  the  engine-ro 
salinometer  may  be  attached 
boiler  and  all  of  them  suppl 
cold  water  from  the  same  pipe 
may  be  connected  with  two  i 
boilers. 

It  is  preferable  to  have  o 
nected  with  each  boiler,  as  in  t 
the  density  of  the  water  may 
served  m  a.n^  WCvet  SnAft-^v 
the  otbeiB.    lo  ■^^x  iXi^wiioi 


u 
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ion,  it  is  only  necessary  to  open  the  valve  communicating 
m  the  boiler  and  the  salinometer,  and  admit  the  water  as 
.  the  overflow  will  allow  it  to  escape,  and  when  the  temper- 
reaches  the  required  degree,  the  communication  may  be  suf« 
ly  closed  only  to  allow  the  necessary  circulation.  Then  the 
ater  valve  may  be  opened,  and,  if  the  connection  with  the 

has  considerable  length  of  pipe  to  retain  cold  water,  the 
tff  cock,  may  be  opened  to  admit  of  its  escape,  and  then 
.  A  very  slight  opening  of  either  valve  will  be  sufiicient 
ip  up  the  circulation  and  keep  the  water  at  the  required 
rature.    If  the  water  should  be  admitted  too  rapidly  from 

pressure,  the  agitation  of  the  water  at  the  bottom,  even 
the  boiling-point,  will  disturb  the  hydrometer.  When  the 
ition  and  temperature  are  properly  adjusted,  it  will  not  re- 
bo  be  touched  from  one  end  of  a  passage  to  another,  unless 
'  be  to  adjust  the  cold-water  valve  occasionally  if  any  con- 
ble  change  takes  place  in  the  temperature  of  the  water  in 
iler. 

)  manipulation  and  operation  of  these  salinometers  are  very 
s  and  satisfactory,  as  they  are  a  decided  improvement  on  any 
arrangement  of  the  kind  ever  heretofore  used  for  the  same 
50,  as,  with  one  of  them  attached  to  each  boiler,  the  density 

water  may  be  accurately  determined  at  any  moment,  which 
eature  of  great  importance  in  many  respecf-s,  and  a  fact 

will  be  appreciated  by  those  who  have  used  other  arrange- 
The  different  parts  of  the  salinometer  are  designated  as 
3 :  A,  hot-water  pot ;  K,  outlet  for  hot-water  overflow ;  B, 
ater  reservoir;  H,  general  outlet;  C,  hot- water  inlet  to 
3,  outlet  passage  from  hot-water  pot ;  D,  cold-water  inlet ;  /, 
pot  for  hydrometer ;  /,  passage  from  coil  to  hot-water  pot ; 
let  for  cold  water. 

Jse  salinometers  are  manufactured  by  the  Crosby  Steam 
I  and  Valve  Company,  Boston,  Ma«s* 
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The  Econometer. 

In  order  to  insure  economy  in  firing,  one  of  the  most  im] 
tanto()iisi(loration»  is  that  the  supply  of  air  to  the  furnace  shall 
cdifiioiont  for  complete  combustion  of  the  fuel,  but  not  greatlj 
ox(vs8  of  this  amount,  because  if  too  much  air  is  admitted  a 
Uxxu  portion  of  the  heat  of  combustion  will  be  used  to  raise 
loiiiiHTaturo  of  the  excess  and  will  thus  be  wasted.  In  order 
ilotormiiio  this  point  it  has  been  the  custom  to  make  chemic 
tuialyso^jt  of  the  Hue  gases  from  time  to  time,  and  from  the  pei 
aci*  of  oarlH>uio  acid  containeil  in  them  to  decide  whether  or 
iho  nnuniiit  of  air  admitted  was  the  most  advantageous.  A 
of  (!.is  kind  noiv^itated  the  drawing  off  of  a  sample  of  the 
kivpinir  it  in  a  soaKxl  tube,  and  making  a  chemical  analysis 
(ho  Uonipcl  or  Or^itt  ap(>aratus,  which  is  a  somewhat  tedic 

Tho  Eoonometer  is  an  apparatus  invented  by  Dr.  Arndt,  of' 
ni:un.  \\h^v<o  v^bioot  it  was  to  have  a  gauge  that  would  re 
tNMU'inuMisly  rtiui  auttMuatioally  the  percentage  of  carbonic  acwiij 
\]w  \\\w  pisos.  rho  dovi^v.  whiv^h  is  illustrated  in  the  accom) 
ni::  %;:t.  xv:;sists  os>r:^:i,i"i'!v  o:*  a  class  bulb  and  a  balance  which 
Ms,\i  l>v  wrichir.c.  o.^:v.i-.r»^>;;^".y.  the  tx>mba<tion  gases  as  they 
ti'. ;.»;;./;;  tlu  ^.:.":\  KctVrrir.iT  lo  the  out.  61  is  the  connection 
T:*'  ':v\*v  i-.;*.x\  AxV.t'Ti'  :\\c  jra5»cs  or.tor  the  apparatus.  They 
-.v-iN'.  >;4,\v>s'.\o".\  ::-:v.-.c:".  :hi  :V.7v>e-  nit^T?  5.3.  51,  and  45,  in 
1.^  :vv,nx  :\V.  »i,.si  .sv..".  :v.  ".sv.-.ri.  ,^nd  ihcn  enter  the  instrui 
V  •    V  >,   .\     ;  ^■       T:--:  C5.5<<  is^u^  fntm  the  funnel  19, 

^«  .    ^  .  ■    .    :v    :..   >.-.:-V'..r.r>.-.ir  air.  ar.d  also  on  account < 

r  «    .         .  .   ^    v'     v-.^v.  th-.y  «.^i*?«E«i  and  leave  the 

Onv.  >.      I.  .V       ;       v\    ;  •  ..  .c  :hr-v.3  this  tube    thev  rett 
acs  ■  .    •.  ^     -  '   :    :   c  :h:Tr.iivy.     The  bulh,  18,1 

<SMin1r*.'|vis,s-     V  »:  •  ><  :••».■.    >.l.  hr.r.  thi  instrument  is  adji 

hy  n>t^?ii>s  .  •  V  .'V  yi..:T.-i^.r  sland?  at  rero  when 

tfi^rtsini,   i'  :v  .    .  s?i:.v  \>  CT^Auated  so  that  tl 
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gases,  and  heoce  the  reading 
apparatus  are  a  contiauom 
of  the  composition  of  the  gas 
ing  from  out  of  the  stack. 

The  importance  of  a  corrc 
ply  of  air  to  boiler  furoacesit 
dated  by  very  few  users  of 
As  already  stated,  if  the  su 
air  is  excessive,  heat  is  wa 
raising  thk  temperature  of 
ceea  to  that  of  the  gases.  ' 
lent  of  this  waste  will  be  appi 
bv  a  study  of  the  followinj 
vbich  gives  the  loss  of  be 
foel  with  from  2  to  15  per  < 
carbonic  acid  in  the  gaee 
vhich  it  is  evident  that  evi 
10  per  cent,  of  carbonic  acid 
flue  gases  there  would  be  a  v 
18  [v^r  cent,  of  tiio  fuel,  whil 
percentage  is  as  low  as  4  (v 
very  often  the  case)  nearly  c 
of  the  fuel  b  wasted  in  hea 
excess  supply  of  air. 

This  excessive  air  su[ 
boiler  furnaces  may  be  du 
variety  of  causes.  In  most  c 
grate  is  not  correctly  propt 
for  the  quality  of  the  coal,  : 
genentUy  too  large.  It  m 
be,  and  often  is,  due  to  poo 
the  stoker  allowiiiir  the  formi 
holes  in  the  fire  through  \ 
large  ^tAutfle  fA  a.\T  fiud*  its  \ 
the  ftue,  or  "A  ma^  ^  i^Mi ' 
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position  of  the  damper.  In  any  case,  the  defect  should  be 
■d,  and,  in  order  to  do  this,  it  must  first  be  located,  and  this 
function  of  the  ecoDometer.  The  instrument  has  been 
,hly  tested  and  its  readings  correspond  with  the  results  of 
il  analysis  to  a  fraction  of  1  per  cent. 
smaller  devices  used  in  the  boiler  room,  and  in  connec- 
h  boilers,  such  as  back-pressure  valves,  reducing  valves, 
'alves,  blow-off  cocks,  gauge  cocks,  water  gauges,  steam 
\,  pressure  regulators,  damper  r^:ulator8,  etc.,  etc.,  are  all 
.  importance,  but  they  are  too  numerous  to  mention,  specific 
D  this  book.  It  is  essential,  however,  that  everyone  in 
of  steam  plants  should  be  familiar  with  these  devices,  and 
r  of  this  book  is  referred  to  manufacturers'  catalogues, 
!an  usually  be  had  on  application,  for  a  detailed  descrip- 
,he  various  boiler  appliances  mentioned  above. 


CHAPTER  XIII. 
FEED   PTJMPS  AND  INJECTORS. 

Pumps. 

>s,  of  whatever  design  or  construction,  or  for  whatever  pur- 
iployed,  are  simply  hydraulic  machines  attached  to  one 
.  tube,  for  the  purpose  of  raising, 

or  transferring  water,  or  other 
or  fluids.  The  idea  entertained 
y  that  water  is  raised  by  suction 
eous,  as,  properly  speaking,  there 
ch  principle  as  suction.  Atraos- 
'  lift  "  or  "  suction  "  pumps  cause 
ter  to  raise  itself  by  having  its 

reiiered  of  the  column  of  air 
ipon  it     If,  therefore,  one  end  ot  d,  pipe  or  tube  ^Jft^o^^^*^ 
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into  water,  the  other  end  be  closed  by  means. of  a  vbItb  or  ol 
device,  and  the  air  contained  in  the  pipe  be  drawn  oat,  it  is 
dent  that  the  surface  of  the  water  within  the  pipe  will  be  relie 
of  the  pressure  of  the  atmosphere.  There  will  tiieti  be  no.  rei 
ance  offered  to  the  water  to  prevrat  its  rising  in  the  tube.  : 
water  outside  of  the  pipe,  still  having  the  presaore  of  the  ato 
phere  upon  its  surface,  therefore  forces  water  up  into  the  pipe,  i 
plying  the  place  of  the  excluded  air,  while  the  water  inside 
pipe  will  rise  above  the  level  of  that  outside  of  it,  proportioni 
to  the  extent  to  which  it  is  relieved  of  the  pressure  of  the  air ; 
that,  if  the  first  stroke  of  a  pump  reduce  the  pressure  of  the 
contained  in  the  pipe  from  15  pounds  per  square  inch  (which  ii 
normal  pressure)  to  14  pounds,  the  water  will  be  forced  up  the  ] 
to  the  distance  of  about  2i  feet,  since  a  column  of  water  an  i 
square,  and  2i  feet  high,  is  equal  to  about  one  pound  in  weigl 

It  is  evident  that,  upon  the  reduction  of  the  pressure  of  the 
contained  in  the  pipe  from  15  to  14  pounds  per  square  inch,tl 
will  be  (unless  the  water  ascended  the  pipe)  an  unequal  pi 
ure  upon  its  surface  inside  as  compared  to  that  outside  of 
pipe ;  but,  in  consequence  of  the  water  rising  2i  feet  in  the  p 
the  pressure  on  the  surface  of  the  water,  both  inside  and  outs 
is  evenly  balanced  (taking  the  level  of  the  outside  water  to  be 
natural  level  of  the  water  inside),  as  the  pressure  upon  the  wi 
exposed  to  the  full  atmosphere  is  15  pounds  upon  each  squ 
inch  of  its  surface,  while  that  upon  the  same  plane,  but  wit 
the  pipe,  will  sustain  a  column  of  water  2i  feet  high  (weigh 
cue  pound)  and  14  pounds  pressure  of  air,  making  a  total  of 
pounds,  which  is,  therefore,  an  equilibrium  of  pressure  over 
whole  surface  of  the  water  at  its  natural  level. 

If,  in  consequence  of  a  second  stroke  of  the  pump,  the 

pressure  in  the  pipe  is  reduced  to  13  pounds  per  inch,  the  w« 

will  rise  another  2}  feet.     This  rule  is  uniform,  and  shows  t 
« 

the  rise  of  a  column  of  water  within  the  pipe  is  equal  in  weij 

to  the  pressure  of  the  air  upon  iVve  auti-afc^  o^  ^.V^a  viater  witho 

heuce  it  is  only  necessary,  to  detexmiuft  \Xie\iev^\,  ^1  ^  ^^>\\o: 
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;ter  tbat  will  weigh  1&  pounds  per  square  iDch  of  area  at  the 
ge,  to  ascertain  how  i%ir  a  suction-pump  will  cause  the  water  to 
e.  It  must  be  understood,  that  the  distance  varies  with  the 
ight.  above  sea  level,  and  also  with  the  pressure  of  the  atmos* 
lere.  At  ouj  level  of  the  sea,  the  column  of  water  that  the 
mospbere  will  support  is  about  83  feet  in  height,  and  a  pump 
ill  "draw  watfer"  (as  it  is  called)  this  distance;  but  the  force 
^ich  sends  the  water  into  the  pump  at  this  height  is  so  dimin- 
aed  as  to  be  almost  balanced  by  its  own  weight ;  hence  a  lifting- 
imp  will  deliver  water  very  slowly,  drawing  it  this  distance. 
To  be  reliable,  the  cylinder  and  piston  should  be  in  good  order, 
I  the  joints  perfectly  air-tight,  a  check-valve  be  placed  in  the 
vrer  end  of  the  suction-pipe;  and  even  then  the  pumps  should 
^run  at  a  high  q>eed.  Pumps  will  give  more  satisfactory  results 
lien  the  lift  is  from  22  to  25  feet.  There  is  hardly  any  limit  to 
6  distance  a  pump  will  draw  water  through  a  horizontal  suction- 
pe,  provided  the  pipe  is  perfectly  tight,  and  everything  is  so  pro- 
>rtioned  as  not  to  cause  undue  friction. 

The  capacity  of  any  pump  may  be  determined  by  multiplying 
e  area  of  the  piston  in  inches  by  its  stroke  in  inches,  giving  the 
imber  of  cubic  inches  per  single  stroke ;  this  divided  by  231  (the 
imber  of  cubic  inches  in  a  standard  gallon)  will  give  the  number 
'  gallons  per  single  stroke ;  but  it  must  be  remembered  that  all 
imps  throw  less  water  than  their  capacity,  the  deficiency  rang- 
g  from  20  to  40  per  cent.,  according  to  the  quality  of  the  pump, 
his  loss  arises  from  the  lift  and  fall  of  the  valves,  from  inaccuracy 
'fit  or  leakage,  and  in  many  cases  from  there  being  too  much  space 
)tween  the  valves  and  piston,  or  plunger.  The  higher  the  valves 
*  any  pump  have  to  lift  to  give  the  necessary  opening,  the  less 
ficient  the  pump  will  be. 

The  power  required  to  raise  a  given  quantity  of  water  a  certain 
eight    may  be  computed  by  the  following  rule:    Multiply  the 
mount  of  water  in  gallons  to  be  raised  per  minute  by  8S5  lVv$>. 
the  weight  of  a  gallon  of  water),  and  this  product  by  \\\eW\^\\.,*vcL 
?4  of  the  discbarge  from  the  point  of  suction;  divide  t\ie  TeavAX.^^ 
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33,000,  which  will  give  the  theoretical  horse-power  required  to  « 
the  amount  of  water  to  a  certain  distance.  The  actual  hoi 
power  which  would  be  required  to  do  this  work  is  always  c 
siderably  in  excess  of  the  theoretical,  because  there  are  mi 
sources  of  loss  in  pumping  water.  These  losses  are  due  to  vari( 
causes.  In  the  first  place,  there  are  the  losses  in  the  pump  its 
incurred  in  the  friction  of  the  moving  parts,  lifting  the  valves,  < 
These  are  greater,  in  proportion,  for  small  pumps  than  for  lai 
ones,  and  in  small  boiler  feed  pumps  are  often  as  high  as  50  ] 
cent,  of  the  total  power  required.  The  other  principal  soarce 
loss  of  power  lies  in  the  friction  of  the  water  in  the  piping,  a 
this  loss  is  proportional  to  the  square  of  the  velocity  of  the  fl< 
Hence,  the  velocity  of  the  water  should  be  kept  as  low  as  po 
ble  by  making  the  pipes  of  ample  diameter.  Bends  in 
piping,  fittings,  valves,  and  other  obstructions  should  also 
avoided  in  order  to  make  the  losses  of  power  in  the  pipes 
small  as  possible.  A  table  of  power  will  be  found  on  page  14* 
To  find  the  proper  capacity  of  a  pump  to  feed  a  given  boi 
it  is  necessary  to  know  how  much  water  the  boiler  is  capable 
evaporating.  On  the  basis  of  the  Centennial  Hating  (see  p.  1^ 
each  horse-power  of  boiler  capacity  corresponds  to  an  evaporat 
of  thirty  pounds  of  water  per  hour.  The  pump,  however,  shoi 
be  capable  of  supplying  all  of  the  water  when  the  boiler  is  forc< 
furthermore,  it  is  better  to  operate  a  pump  slowly  and  c 
tinuously,  and  for  these  reasons  the  pump  running  at  its  non 
speed  should  be  capable  of  supplying  about  twice  as  much  wa 
as  the  boiler  evaporates  under  usual  conditions.  In  determiu 
the  dimensions  of  the  pump,  the  velocity  of  the  water  in  it  shoi 
not  exceed  500  feet  per  minute. 

Boiler  feed  pumps  belong  to  that  class  of  pumping  machi 
known  as  force  pumps ;  that  is,  those  which  force  water  against 
()])posing  pressure  at  the  point  of  delivery,  as  distinguished  fr 
lift  pumps,  which  lift  the  water  and  deliver  it  under  atmosphc 

pressure.      They  may  be  c\v\ss\^ed  ^a  iv.A\ovfa,  according  to 

netbod  employed  in  driving  tWrn*. 
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(a)  Power  pumps. 

(b)  Electric  pumps. 

'  r  Direct  acting, 

(c)  Steam  pumps,     -<   Fly  wheel, 

(.  Duplex. 

Power  pumps  are  those  in  which  the  power  u§ed  to  drive  them 
I  supplied  from  some  external  source  and  is  transmitted  to  the 
omp  proper  by  means  of  pulleys  and  belts,  toothed  gearing, 
fiction  clutches,  or  other  device  for  transmitting  power.  This 
lass  of  pumps  is  not  much  used  for  boiler  feed  purposes. 

Electric  pumps  are  those  which  are  geared  or  directly  con- 
lected  to  electric  motors.  Like  power  pumps,  these  are  not 
inch  used  to  feed  boilers,  because  in  transforming  the  energy  . 
f  the  steam  first  into  mechanical  power,  then  into  electrical,  and 
bally  back  again  into  mechanical  power,  additj^nal  and  unneces- 
kry  losses  are  incurred.  Electric  pumps  are  used  mainly  where 
iectrical  energy  only  is  available,  or  where  it  is  not  desirable  to 
Bve  an  unsightly  system  of  steam  and  exhaust  pipes. 

Steam  pumps  are  now  used  almost  universally  for  the  purpose 
f  feeding  boilei-s.     They  are  divided  into  three  general  classes : 

Direct  acting  pumps, " 
Fly-wheel  pumps, 
Duplex  pumps. 

The  main  points  of  difference  in  these  three  classes  lie  in  the 
Dethod  of  getting  past  the  dead  centre.  If  a  pump  were  con- 
tructed  simply  by  using  two  cylinders  with  pistons  attached  to  the 
ipposite  ends  of  a  common  piston  rod,  the  one  end  being  used  like 
fce  cylinder  of  an  ordinary  steam  engine,  with  its  slide  valve,  etc., 
Ind  the  other  end  for  pumping  the  water,  there  being  no  rotary 
Itotion  of  any  kind  in  the  mechanism,  it  is  evident  that  the 
pachine  would  come  to  rest  at  the  end  of  each  stroke  unless  some 
liternal  method  were  employed  for  helping  it  over  its  d^Bid  e^w\7c^. 
Riis,  of  course^  couJcI  be  easily  done  by  simply  addm^  ^  ct^vi^- 
ia^  and  a  £ywheel  of  sumdent  weight  to  carry  the  en^\v\e  ^>Ne,^ 
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the  dead  puiniis.  This  is  exactly  what  is  done  in  flywheel  pum| 
but,  inttsmuch  as  no  rotary  motion  is  required  for  driving  t 
pump,  except  to  carry  it  over  the  dead  points,  it  has  occurred 
builders  of  pumps  that  some  simpler  method  might  be  devis 
These  considerations  have  led  to  the  invention  of  the  direct  acd 
pump,  which  consists  essentially  of  the  two  cylinders  and  pisb 
as  described  above,  with  a  suitable  slide  valve  for  distribut 
steam,  and  iu  addition  an  auxiliary  valve  or  valves  operated  b 
suitable  meciianism  to  admit  steam  behind  the  piston  when  i 
on  what  would  ordinarily  be  the  dead  centre.  Many  differ 
designs  of  this  type  have  been  placed  on  the  market,  notably 
"  Knowles,"  "  Blake,"  "  Deane,"  "  Cameron,"  and  others,  all 
which  operate  successfully  without  crank  shaft  or  flywheel,  ' 
only  objection  to  pumps  of  this  kind  is  that  they,  are  necessa 
somewhat  complicated,  and  while  their  operation  has  proved  v 
satisfiictory,  they  Sre  not  used  as  extensively  aa  the  last-nai 
type,  the  duplex  pump,  which  is  much  simpler  in  iU  action. 


Tho  WorthlDston  Steam  Pump,     Sectional  vlevr. 

The  duplex  steam  pump   Is  virtiinlly  a  combination  of  ' 

puinp^  ^o  i-oiiiilt'il    tlijit  the  sMy  \n.\Ne  i>?  tW  tine  is  opera 
/roiu    tho  jiistou-roi.]  of  tlie  other,  awA  viff.  Ktx«h.    \cv  'isa, 
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u  deiul  centre,  and,  fijrtli&rmore,  uo  fliutilary  valv^^H 
bchaaisDi  ol'  luiy  kind  are  required  to  aocotuplish  tliis  end. 
sectiunal  aud  perspective  views  illustrate  the  Wortiiiugtou 
I,  whiuh  is  perhaps  the  most  widely  used  make  of  the  duplei 
uf  purDp.  It  will  be  seen  from  these  cuts  that  the  valve  iu 
(_Ij)  elide  valve  operated  by  a  vibrating  arm,  F,  which  swiid 
gh  the  whole  length  of  the  stroke.  The  one  ptatoii  aeta  | 
L  steam  to  tlie  other,  after  whiuU  it  completes  its  stroke 


■lenrains  at  rest  until  its  valve  is  acted  upon  by  the  othei 
It,  before  beginning  its  nest  stroke.  As  one  or  the  other  of 
wo  valves  is  always  admitting  steam,  there  can  be  no  dead 
.  iiiid  the  pump  may  tlierefiire  be  started  in  any  position 
IV  iijicning  tlie  throttle  valve.  The  plunger,  B,  is  doul 
l:  ;  that  is,  when  water  is  taken  in  on  one  side  it 
•eJ  on  the  other.     C  is  tlie  suction  uud  D  the  diachi 


ii>er. 

hen  hot  water  passes  through  the  pump  certain  conditioj 
wliich  must  be  uiet  by  special  devices.     It  has  been  fout 
hot  water  cannot  he  lifted  successfully,  because  as  the  pWn^Y 
a  fiirwanJ  ant}  crfiitea  a  faciiiim  iu  tlie  awt^vou  "(«¥«'  "'^^'^ 
JI^BHif  relieveti,  to  a  sufficient    extent,  the  .; 


o^^ 
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evaporate  and  the  pump  cylinder  will  be  filled  with  steam 
vapor,  instead  of  with  water.  To  avoid  this  the  pump  should 
placed  below  the  level  of  the  water  in  the  supply  tank  or  heat 
80  that  it  will  follow  the  plunger  by  the  action  of  gravity.  Pun 
for  hot  water  should  be  lined  with  brass  to  avoid  corrosion,  a 
linen  packing  should  be  used,  as  rubber  will  disint^rate  unc 
the  action  of  heat.  It  is  also  customary  to  place  a  pipe  with 
valve  between  the  heater  and  the  pump,  so  that  any  vapor  whi 
may  collect  can  be  liberated. 

Iiuectors. 

The  injector  may  be  defined  as  an  apparatus  in  which  a  jet 
steam  strikes  a  mass  of  water,  by  which  it  is  condensed,  and 
condensing  gives  up  its  heat  energy  to  the  combined  mass 
water   and   condensed  steam,  and   imparts  to  it  a  momentu 
sufficient  to  force  it  into  the  boiler  against  a  pressure  equal 
or  even  greater  than  that  of  the  steam  which  first  entered  t 
apparatus. 

The  invention  of  the  injector  is  due  to  the  French  engines 
Giffard,  who  iu  his  description  of  the  apparatus  states  that  "  of  i 
the  necessary  accessories  of  a  steam  engine  perhaps  the  mc 
important  is  the  one  used  for  feeding  the  water  to  the  boile 
upon  its  proper  working  depends  not  only  the  regular  running  < 
the  engine,  but  the  safety,  the  very  existence  of  those  who  approa< 
the  boiler  ;  .  .  .  nevertheless,  by  a  kind  of  fatality  the  app 
ratus  employed,  up  to  the  present  time,  for  feeding  is,  of « 
others,  that  which  leaves  most  to  be  desired."  There  is  no  dou 
that  his  invention  is  by  far  the  greatest  advance  in  this  dire 
tiou  since  stoam  was  first  utiJized  a:?  a  motive  power,  and  it 
'^ufe  to  predict  that  so  long  as  steam  is  used  as  a  motive  power  i 
long  will  the  injector  be  used  as  a  means  of  conveying  wat( 
N>  the  boiler. 

"te  action  of  the  injector  muy  WVtv^W^  eiX^Wm^  as  follows 
asisU^  esst'iniaUy  of  a  sUwm  tube  ot  steam  uozaifc^S^^RVx^ 


THE     EITGINEER'S      HANDY-BOOK.  251 

led  for  the  purpose  of  guidiDg  the  steam  jet  into  the  apparatus, 
bis  is  usually  of  tapering 
Tm,  as  shown  in  the  cut,  and 
equently  carries  a  »Uam 
nndle,  B,-  used  for  vary- 
ig  the  area  of  discharge 
ram  the  nozzle  by  adjuBting 
s  position- from  without;  a 
mhining  lube,  C,  which  ex- 
euds  from  the  steam  nozzle 
utward  and  has  for  its  oh- 
9ct  the  combining  of  th6 
team  and  the  water,  and  a  | 
Winery  tube,  D,  from  which 
he  mixture  of  steam  and 
rater  is  delivered  to  the 
loiler  feed  pipe.  The  mix- 
are  attains  its  maximum  ve- 
Jcity  in  the  delivery  tube, 
rhichiasubsequently  reduced 
pj  increasing  the  cross  sec- 
ion  of  the  tube.  The  steam 
ntera  at  the  opiening  marked 
steam"  in  the  diagram,  and 
«£Bes  through  the  steam  noz- 
ieiuto  tiie  comhiniug  tube. 
)d  first  starting  the  injector 
16  steam  passes  on  through 
le  combining  tube,  and,  being  unable  to  re-enter  the  boiler  because 
has  been  somewhat  reduced  in  pressure,  passes  out  of  the  "  over- 
flw."  In  a  very  shnrt  time,  however,  the  friction  between  the 
r  in  the  apparatus  and  the  steam  jet  causes  apartiul  vacuum  in 
le  combining  tube,  and  the  water  now  rises  into  this  tube,  and, 
irabining  with  the  steam,  causes  the  latter  to  Vie  TOnAfetiwei.  '^\ve. 
>ag  section  of  the  condensed  Steam  jet  ia  noyj  ^Tesi.\^^  niitt'*^ 
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and  its  velocity. is  about  twenty  times  as  great  as  that  of 
water  issuing  from  the  boiler  at  the  same  pressure,  and  * 
velocity  is  concentrated  on  a  jet  of  very  small  cross  sectic 
evident,  therefore,  that  it  possesses  a  large  margin  of  ene 
and  above  that  necessary  to  force  it  into  the  boiler,  and 
plus  is  imparted  to  the  water  which  has  been  drawn  in  thr 
water  supply  pipe.  Of  course,  the  proportions  between 
umes  of  steam  and  water  must  be  correctly  chosen,  be 
there  is  not  enough  water  to  condense  the  steam  the  a< 
described  will  not  lake  place,  while  if  there  is  too  much  y 
energy  of  the  condensed  steam  jet  will  not  be  sufficient  to 
whole  mass  the  requisite  velocity.  For  this  reason  the 
tions  and  shapes  of  the  various  parts  of  an  injector  a: 
greatest  importance.  Much  experimentation  and  study  Y 
applied  to  this  subject,  both  in  this  country  and  abroac 
the  work  which  has  been  done  in  this  connection,  that  c 
land  L.  Kneass  is  deserving  of  especial  attention.  Th 
this  book  is  referred  to  his  work  on  the  "  Practice  and  1 
the  Injector,"  if  he  desires  to  familiarize  himself  more  th 
with  the  subject. 

The  failure  of  injectors  to  work  may  be  due  to  a  v 
causes.  The  most  common  of  these  is  the  presence  of  a 
suction-pipe,  due  to  leaks  in  the  joints  or  improper  pa 
valve  stem.  The  suction  pipe  must  be  made  air-tight 
end  of  the  pipe  must  be  submerged  in  water,  otherwise  ai 
sucked  in  and  the  injector  will  not  work.  Sediment  and 
the  nozzles  aro  other  causes  of  injectors  failing  to  work, 
point  should  he  looked  after  from  time  to  time.  \\ 
injector  fails  to  get  water  there  may  be  a  leak  in  the  sup 
the  water  supply  may  be  cut  off,  the  strainer  may  be  ck 
the  water  may  he  too  hot,  or  the  pressure  may  be  too  lo 
required  lift.  If  it  gets  water,  but  fails  to  force  it  into  tl 
the  water  supply  is  probably  not  properly  adjusted  to  t 
'"  or  it  nmy  he  due  to  an  ob^\.Tv\eUov\  \\\  \,W  clveek  \ 
i  pipe,  or  the  delivery  U\\^e  oi  V\\e  vcv^e^oX-vst. 
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ed  water  to  the  boiler,  hut  kreaks,  the  fault  may  lie  in  any  one 
e  above  causes,  or  it  may  be  that  a  globe  valve  in  the  supply 
has  a  loose  disc  which  partly  closes  the  valve  after  the 
x)r  is  started.      This  may  be  remedied  by  reversing  the 

'• 

eotors  may  be  classified  as  follows  :*  . 

igle  jet  injector,  one  in  which  a  single  set  of.  combining  and 

iry  tubes  is  used. 

uble  jet   iri|eotor,   one  containing  two  sets  of  steam  jet 

atus,  of  which   the  first  or  lifting  set  receives  the  feed- 

from  the  source  of  supply  and  delivers  it  to  the  second 
*cing  set,  from  which  it  receives  sufficient  impulse  to  enter 
oiler. 

:omatic  or  re-starting  injector,  one  that  is  able  to  re-estab- 
utomatically  the  continuity  of  the  jet,  after  a  temporary 
uption  in  the  steam  or  water  supply. 

f-  adjusting  injector,  one  in  which  the  supply  of  water  is 
latically  adjusted  to  suit  the  steam  supply  without  waste  at 
rerflow. 

en  overflow  injector,  which  has  one  or  more  apertures  in  the 
ining  tube,  opening  into  one  or  more  overflow  chambers,  that 
be  closed  against  the -admission  of  air  by  the  use  of  light 

valves  opening  outward. 

ised  overflow  injector,  which  can  only  start  by  means  of  an 
ng  or  vent  placed  beyond  the  delivery  tube,  which  must  be 
I  in  order  to  divert  the  jet  into  the  boiler. 
Mn  a  practical  standpoint  they  may  be  classified  as : 
ting  injectors,  in  which  there  is  a  partial  vacuum  formed  in 
ed-pipe  preliminary  to  starting. 
n- lifting  injectors,  which  require  a  pressure  in   the  water 

V. 

e  injector  was  first  introduced  in  this  country  by  William 
s  &  Co.,  Incorporated,  of  Philadelphia,  who  Vva\G  dviY^^T«v3.<i)^ 

*8tncklaodL.  Kneass,  Practice  and  Theory  of  tKc  Ivj^^Xm. 
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to  develop  and  perfect  it.  It  will  be  appropriate,  therefoi 
begin  with  a  description  of  the  various  injectors  manufacture 
this  company,  and  to  follow  this  with  an  account  of  a  few  o 
other  types  which  have  been  successful.  The  illustrations  a( 
panying  the  descriptions  are  taken  largely  from  the  Catalog! 
Narrow  Gauge  Locomotives,  issued  by  the  Baldwin  Locom 
Works,  Philadelphia. 

William  Sellers  &.  Co.'s  Injectors. — The  cut  on  page  255  r 
sents  Sellers'  lifting  injector  of  1876,  so  extensively  used  on 
motives,  steamships,  tugs,  and  ferries.  It  is  a  self-contained  in 
ment,  that  is  to  say,  it  has  both  steam-  and  check-valves,  so 
it  can  be  connected  directly,  without  any  other  fittings  ;  alth( 
of  course,  it  is  desirable  to  place  another  stop-valve  in  the  st 
pipe  and  a  check-valve  in  the  delivery-pipe,  so  that  the  inj 
can  be  taken  to  pieces,  or  disconnected  at  any  time.  An< 
important  feature  of  this  injector  is,  that  it  is  operated  by  a  s 
handle,  and  that  the  waste-valve  is  only  open  at  the  instai 
starting. 

Its  Internal  mechanism  and  mode  of  action  may  be  easilj 
derstood  by  referring  to  the  sectional  cut  on  page  256.  A  is 
receiving-tube,  which  can  be  closed  to  the  admission  of  stean 
the  valve  X.  A  hollow  spindle  passing  through  the  recei^ 
tube  into  the  combining-tube,  is  secured  to  the  rod  B,  and 
valve  X  is  fitted  to  this  spindle  in  such  a  way  that  the  latter 
be  moved  a  slight  distance  (until  the  stop  shown  in  the  ^ 
engages  with  valve  X)  without  raising  the  valve  X  from  its 
A  second  valve,  Wj  secured  to  the  rod  B,  has  its  seat  in  the  u 
side  of  the  valve  X,  so  that  it  can  be  opened  (thus  admitting  si 
to  the  centre  of  the  spindle)  without  raising  the  valve  X  froi 
seat,  if  the  rod  B  is  not  drawn  out  any  farther  after  the  sto 
the  hollow  spindle  comes  in  contact  with  the  valve  X.  D  h 
delivery-tube,  0  an  overflow  opening  into  space  C  K,  the  cli 
valve  in  delivery-pipe,  and  P  B  the  waste-valve.  The  upper 
of  the  com  billing- tube  has  a  piston.,  N  N,  ^\X.^Q)a^^  \ft  \t^ca^ 
of  luoving  freely  in  a  cylindrical  portion  o^  xXi^  ^^^'M.'^' 
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lower  end  of  the  combining-tabe  slides  in  a  cylindrical  guide 
Led  in  the  upper  end  of  the  deliyerj-tube. 
The  rod  B  is  connected  to  a  cross -head  which  is  fitted  ovei 
guide-rody  J,  and  a  lever,  H,  is  secured  to  the  cross-head.    A 
I,  L,  attached  to  a  lever  on  the  top  end  of  the  screw  waste-valve 
through  an  eye  that  is  secured  to  the  lever  H;  and  stops 
P,  Q,  control  the  motion  of  this  rod,  so  that  the  waste-valve  is 
when  the  lever  H  has  its  extreme  outward  throw,  and  is 
led  when  the  lever  is  thrown  in,  so  as  to  close  the  steam-valve 
while  the  lever  can  be  moved  between  the  positions  of  the  stops 
Q,  without  affecting  the  waste-valve.    A  latch,  F,  is  thrown 
action  with  teeth  cut  in  the  upper  side  of  the  guide-rod,  J 
len  the  lever  ^ie  drawn  out  to  its  full  extent,  and  then  moved 
^ ;  and  this  click  is  raised  out  of  action  as  soon  as  it  has  beeii 
)ved  in  far  enough  to  pass  the  last  tooth  on  the  rod  J,     An  air- 
si  is  arranged  in  the  body  of  the  instrument,  as  shown  in  the 
ire,  for  the  purpose  of  securing  a  continuous  jet  when  the  in- 
Jtor  and  its  connections  are  exposed  to  shocks,  especially  such 
occur  in  the  use  of  the  instrument  on  locomotives. 
The  manipulation  required  to  start  the  injector  is  exceedingl}; 
iple, —  much  more  so  in  practice,  iudepd,  than  it  can  be  rendered 
description.     Moving  the  lever  H  until  contact  takes  place  be- 
Feeu  valve  X,  and  stop  on  hollow  spindle,  which  can  be  felt  b}/ 
ie  hand  upon  the  lever,  steam  is  admitted  to  th*e  centre  of  the 
pindle,  and,  expanding  as  it  passes  into  the  delivery-tube  D,  and 
3te-orifice  P,  lifts  the  water  through  the  supply-pipe  into  the 
)mbining-tube  around  the  hollow  spindle,  acting  after  the  mannei 
^anr  ejector  or  steam -siphon.    As  soon  as  solid  water  issues  through 
ie  waste-orifice  P,  the  handle  H  may  be  drawn  out  to  its  full  ex- 
it, opening  the  steam- valve  Xand  closing  the  waste-valve,  when 
action  of  the  injector  will  be  continuous  as  long  as  steam  and 
Iter  are  supplied  to  it. 

To  regulate  the  amount  of  water  delivered,  move  in  IK^  \^^^^ 
until  the  click  engages  any  of  thQ  teeth  on  t\\e  to^  J,  \^v 
finishing  the  ateam-aapply,  as  the  water-supply  \a  aeli-xegoiJ 
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lag.  If  too  much  water  is  delivered,  some  of  it  will  escape  tbroug 
0  into  Cy  and,  pressing  on  the  piston  N  N,  will  move  the  ooii 
biaing-4;ube  away  from  the  delivery-tube,  thus  throttling  the  wata 
supply ;  and  if  sufficient  water  is  not  admitted,  a  partial  vacuui 
will  be  formed  in  C,  and  the  unbalanced  pressure  on  the  upper  aid 
of  the  piston,  N  N,  will  move  the  combining-tube  towards  the  dl 
livery-tube,  thus  enlarging  the  orifice  for  the  admission  of  watd 
The  injector,  onoe  started,  will  continue  to  work  without  any  furtU 
adjustment,  delivering  all  its  water  to  the  boiler,  the  waste-vall 
being  kept  shut.  By  placing  the  hand  on  the  starting-lever,  it ! 
easy  to  tell  whether  or  not  the  injector  is  working ;  and  if  desini 
the  waste- valve  can  be  opened  momentarily  by  pushing  the  rod  J 
a  knob  on  the  end  being  provided  for  the  purpose. 


TABLE 

SHOWING  STEAM-PBESSUBE  REQUIRED  TO  LIFT  AND  DELIVER  WATER  WH 

sellers'  FIXED-NOZZLE  LIFTING  INJECTOR. 


Height  Wa- 
ter IS  LIFTED. 


Feet.  Inches. 

3  0 

5  0 

11  6 

15  0 


Steam-Press- 
ure REQUIRED 
TO  LIFT  AND  DE- 
LIVER Water. 


Lbs.  per  Sq.  In. 

25 
30 
40 
49 


Height  Wa- 
ter IS  LIFTED. 


Feet. 
21 

22 


Inches. 

3 
10 


Steam-Press- 
ure REQUIRED 
TO  LIFT  AND  DE 

LIVER  Water 


Lbs.  per  Sq.  In 

52 

60 

70 

100 


Sellers'  Non-Ac^usting  Fixed-Nozzle  Iiyector  with  Liflji 
Attachment,  for  Stationary  Boilers. 

The  cut  on  page  259  represents  Sellers'  Nonr Adjustable  i 

jector  with  fixed-nozzle  and  lifting  attachment.     As  will  be  ol 

served,  a  steam-ejoctor  or  siphon  is  attached  to  the  side  of  th 

instrument,  which  draws  the  water,  when  lifted  by  the  admissic 

of  the  steam,  tiirough   the  co\i\\A\\\\\^-\.w\i^,  wid  discharges 

^ugb  the  orifice  of  theViftmga\X8Lc\im«si\.,\)Mwx^^V^^ 
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2ri9l 


r  overflow  escapas.     Tliia    iujector  has  a  ciieck-.B 
d  to  it,  also  a  st«am  stiip-vulve,  wliidi  cau  be  opeoed 
fa  revolution  of  the  lever  on  the  stem.     In  coutiectirt^ 
^  eince  it  line  fixed  Qozzles,  a,  wutui'-supply  valve  must 
ied,  nod,  I 
^marked,  a  sec- 
Ek-valve  in  the 
and    an- 
rstop  valve 


B  dsxtertty  section  of  Sellers'  Noq- Adjustable  Fixe< 
|to  start  the  ^°^'^^  ^^^^«  ii^ector. 

imutu  lift,  but  the  manipulation  ia  ce&dxV-j 

p  for  a)}  oriiiimry  lifts  no  special  care  is  iw^viwei-     K.% 

fetetiin  eae&piug  from  an  urifice  -varies  gveavX'j  ^sV'' 


i^i 
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6^H 


the  pressure,  other  thiugabeiug  equal,  the  lifting-DoKsIw 
I  proporliona  depending  ou  the  miaimum  ateara-preasura  tol 
I  ployed,  since  it  can  readily  be  adapted  to  higher  pressures  b 
tially  cloeing  the  stenm-adniiasion  valve. 

Directions  for  operating  Sellers'  non-adjustable  flxed-l 
injector.withlifti 
tachment. — i^V» 
the  steam -spind 
hy  meaus  of  the  h 
B.  Second,  open  tl 
ing-jet  by  backii 
wheel,  C  one-q 
turn,  ndrd,  wh. 
water  escapea  a 
overflow,  D,  ru 
theapiudle,  jl,by 
ing  it  quickly; 
close  the  Ufting-j 
as  the  injector  wU 
i  feeding  the  1 
land  the  water-8 
fmay  be  regulatt 
s  of  an  ore 
globe- valve  plao 
tween  the  injects 
the  water  soura 
this  valve  is  aet 
mit  the  required 
tityof  water,  ther 
be  no  drip  froB 
overflow.  Whe 
quired,  a  special 
lating  valve,  whi 
wm'res  but  otio  turn,  and  wMcb  miWcaVea  'iX^ft  fa^vtwi  (v^ebi 
Y'iched  to  the  injector,  so  that  ttwjBB\\a^'vB?,\\.''n 
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iMrmine  the  actuij  amouQt  of  opening  by  a  glance  at  the  hand' 
Hbeel  on  the  valve-spin^le. 

;    Duty  of  Sellers'  injectors,  or  the  foot-pounds  of  useful  work 
rformed  by  the  consumption  of  100  lbs.  of  coal  in  the  boiler 
ppljring  steam  to  the  injector,  may  be  of  interest.    When  the 
aporation  of  the  boiler  is  known,  this  duty  can  readily  be  com- 
ted  from  the  data  obtained  in  connection  with  the  maximum 
livery  of  the  injector.     This  can  be  illustrated  by  an  example, 
uming  the  boiler  evaporation  at  9  lbs.  of  steam  per  lb.  of  coal, 
result  which,  though  rather  above  the  average,  is  occasionally 
ed  in  good  practice.    Using  the  data  recorded  in  the  tabl.e 
page  416  for  the  maximum  delivery  at  a  steam-pressure  of  130 
per  square  inch,  it  appears  that  150  —  66  ==  84  units  of  heat 
ere  imparted  to  each  pound  of  water  delivered  by  the  injector, 
d,  the  weight  of  a  cubic  foot  of  water  at  a  temperature  of  66° 
'ah.  being  about  62*3  lbs.,  that  the  total  weight  of  water  deliv- 
per  hour  was  161*2  x  62*3  =  10,042*76  lbs.,  so  that  the  total 
cunt  of  heat  imparted  to  the  water  per  hour  was  10,042*76  x 
W=  843,591*84  units. ' 

The  total  heat  above  32®  in  a  pound  of  dry  steam,  at  a  pressure 
of  130  lbs.  per  square  inch,  is  1187*8  units,  and  the  heat  remain- 
ing in  a  pound  of  steam  above  32°,  after  condensation,  is  150 
—32^118  units,  so  that  each  pound  of  dry  steam  imparted 
1187*8  —  118  =  1069*8  units  of  heat  to  the  feed-water,  and  the 

•  1      ^ :.  .    J        1.  843,591*84       _^^  .  ,^ 

weight  of  dry  steam  required  per  hour  was     ..^^q^. —  =  7o8*d  lbs. 

The  height  of  a  column  of  water  equivalent  to  the  pressure  against 

which  the  water  was  delivered  was  — ^^  ^       =  300*5  feet,  so  that 

62*3 

the  useful  work  performed  per  hour  was  10,042*76  x  300*5  = 

3,017,049*38  foot-pounds.    The  weight  of  coal  required  to  do  this 

work,  on  the  assumed  boiler  evaporation,  was  -  —  =  87*6  lbs., 

80  that  the  iduty  of  the  injector,  per   100  lbs.  oi    co«\,  ^«^ 

3M7,049'38 X 100    .  ^  ^^^  ^^^  ^ 

^^  — d,4oo,o36  foot-pounds. 
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The  term  range  is  frequently  used  ia  connection  with  iDJecto: 
and  means  tbe  difierence  between  the  maximam  ajid  minimu 
delivery. 

TABLE 

8H0WINQ    THE    HA&IMUH   AND   HINIKCU    DELIVEBY   OF    EELLEBS'  SEL 

ADJuariNO,   1876,   injeotob  ho.  6 ;    tempebatube  of   delitebi 

WjLtSa  ;  PRESSURE  AQAIHST  WHICH  INJECTOB  DEUTEBa  WATBB,  AI 
HIGHEST  TEMPERATPBE  OF  FEED  ADMISSIBLE  ;  WATER  PI.OWmO  1 
INJECTOR   UNDER   15   INCHES   HEAD  ;    WAMB-VALVEB  SHUT. 


FKir 

PbbH 

OUtt, 

HKl 

Dkubk 

KB. 

1 

■a 

S^ 

Dkliyerkd 

WiTBB. 

1 

1 

i 

1 

i 
J 

1 

t 

S 

P 

1 

1^ 

1 
s 
a 

iS5 

P 

1 

8 

8 

4 

5 

6 

7 

8 

9 

10 

75-3 

03-6 

0-845 

60 

^ 

94 

3 

132 

20 

82-4 

61-3 

0-74.1 

66 

108 

104 

9 

134 

SO 

04-2 

acs 

0-600 

06 

114 

116 

16 

134 

40 

100-1 

60-0 

0-509 

00 

120 

123 

22 

132 

50 

108-3 

M-7 

0-5D7 

66 

124 

125 

27 

131 

60 

iia-5 

63-6 

0-546 

66 

127 

133 

34 

130 

70 

124-S 

63-6 

0-510 

■67 

I.W 

142 

40 

130 

HO 

1.13-0 

67-1 

0-505 

66 

134 

144 

46 

131 

90 

141-3 

69-0 

0-482 

67 

136 

148 

132 

KHJ 

147-3 

(14-7 

0-456 

m 

140 

159 

68 

132 

110 

15,1-0 

67-1 

0-439 

67 

144 

162 

63 

132 

IJO 

1.50-G 

73-0 

0-406 

67 

148 

162 

69 

134 

130 

161-2 

74-2 

0-460 

60 

150 

165 

75 

130 

140 

KHS-O 

78-9 

0-476 

66 

153 

166 

81 

126 

1.50 

lTQ-7 

70-6 

0-414 

66 

157 

167 

88 

m 

The  table  of  capacities  sliows  tht 


hijeetor  can  ho 


delivery,  hnt  tfa 


capacities  shows  the  maximum  delivery,  bnt 
eg:ulat«d  80  as  to  leAuiie  i\«,««i>iaiA».Vwi.t60 
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Sailers'  fixed  nozzle  injector  of  1885  ie  illustrated,  in  ee^^oi^ 
by  tbe  accompany ing  cut.  It  is  a  lifting  injector — that  is,  it  wifl 
receive  water  under  preeeure,  or  it  will  liA  it  to  a  considerabll 
height  before  delivering  to  th^ 
boiler.  Moreover,  it  ie  auloj 
matic  and  reetarting — that  it, 
if  the  water  and  Bteam  ait 
turned  on,  it  will  start  itself 
and,  should  the  jet  be  broken, 
it  will  re-establish  itself  M 
soon  as  the  disturbing  caaM 
is  removed.  The  automati< 
action  la  complete  when  du 
water  enters  tbe  injector  undei 
pressure,  and  also  when  lifting  to  a  height  of  eighteen  fed 
with  ordinary  steam  pressures,  the  amount  of  water  deliveiMJ 
being  regulated  by  a  valve  contained  in  the  injector  or  by  th< 
adjustment  of  both  the  water-valve  and  steam-plug,  as  may  ht 
preferred.  If  the  supply  of  water  is  too  much  reduced,  steam  will 
escape  at  the  overflow,  but  the  jet  will  not  break. 

When  required  to  lift,  the  injector,  at  say  60   pounds  stata 
pressure,  will  raise  the  feed  water  23  feet.     As  a  non-lifter  it  will 
take  water  at  V47°  Fahr.  with  the  overflow-valve  open,  and  al 
150°  Fahr.  with  the  overflow  closed.     By  reference  to  the  eeO' 
tional  view  it  will  be  seen  thiit  the  instrument  is  quite  simple  if) 
its  constnictiim,  notwithstanding  its  applicability  t«  varied  ctHi' 
ditions  of  serviee :  A  is  the  body  or  case  of  the  injector ;  £  is  th* 
steam  connection  leading  from  the  steam-space  in  the  boiler;  Oh 
e  water-supply  connection,  in  which  is  situated  the  water-rou- 
ting valve  R;  D  is  the  water  delivery  c<jnneetion,  containing  a 
.eck-valve,  and  leading  to  the  boiler.     The  overflow-valve  N  may 
ne  shifted  to  either  side  of  the  injector  body  and  turned  radially, 
BO  that  the  injector  may  be  placed  in  any  position  that  will  per- 
diecharge  tlie  ovetfluw  \erl\ca.\\"j  4'Jwi\'«s.Td.     Another 
ud  exeeediugly  convtiueiit  feaXutt  oi  ftv.i4  tK(K*.MsS»s 
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SeUera-  iqlactor,  1887. 
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is,  that  by  simply  removing  the  end  caps,  all  of  the  tubes  a 
removed,  f6r  examination  or  for  cleaning,  without  disturbin 
pipe  connections. 

Sellers'  self-acting  injector  of  1887  is  of  the  double  jet 
and,  in  common  with  other  injectors  of  this  type,  it  adjusts 
maintains  the  proper  supply  of  water  for  any  pressure  of  st 
besides  restarting  automatically  after  a  temporary  break  ' 
the  disturbing  cause  is  removed.  Referring  to  the  accompan 
cut,  3  is  the  forcing  nozzle,  which  is  placed  within  the  li 
nozzle  4,  these  being  so  proportioned  that  a  suction  is  maintf 
in  the  feed  pipe  even  when  there  is  a  discharge  from  the  fo] 
nozzle.  The  combining  tube  is  shown  at  2.  The  water  whicl 
been  lifted  into  this  tube  by  the  lifting  jet  here  comes  in  coi 
with  the  forcing  jet,  which  imparts  to  it  an  increased  velocity, 
the  mixture  rushes  past  the  overflow  openings  into  the  deli 
tube,  and  thence  into  the  boiler.  This  injector  is  espec 
designed  for  use  on  locomotives.  It  may  be  operated  effici< 
under  a  wide  range  of  boiler  pressures,  and  its  capacity  ms 
reduced  to  36  per  cent,  of  the  maximum  by  throttling  at  the 
valve,  so  that  it  may  be  used  to  feed  continuously  by  sii 
adjusting  the  water  valve  to  suit  the  requirements. 

The  Korting  Injector,  known  in  this  country  as  the  Sc 
Injector,  which  is  also  of  the  double  jet  type,'  may  be  used  u 
varying  pressures  and  for  both  hot  and  cold  water.  In 
accompanying  cut,  15  and  14  are  the  two  steam  jets,  the 
being  used  for  lifting  the  water,  the  other  to  force  it  into 
boiler.  It  will  work  at  the  highest  as  well  as  at  the  lowest  press 
because  the  quantity  of  water  taken  in  by  the  first  jet  and  d 
ered  to  the  second  is  in  proportion  to  the  steam  pressure,  and 
operate  with  hot  water  because  the  first  nozzle  is  so  proporti 
as  to  insure  a  high  suction,  and  as  the  water  is  delivered  to  the 
ond  nozzle  under  pressure,  the  temperature  may  correspond  to 
pressure  without  interfering  with  the  operation  of  the  appar 
The  injector  has  no  overflows  \n  e\\\\feT  o^  \)tv^  wvx^vkvxi^I^ 
T/2C  operation  ib  had  by  simply  moVm^  XJkv^  ^«^«  1  \ft  ^ 
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e  first  motion  of  the  lever  opeos  the  lifting  ateam  nozzle  12, 
ause  the  forcing  valve  44,  having  a  larger  area,  is  kept  closed 


Eortlngr  Ii\)ector. 
the  presBure  of  the  steam  upon  it  and  acts  aa  a  tuWxna  \a  "Saft. 
'er     The  jrater  is  noiv  raised  and  will  appear  at  the ■waaXa-'V\'?^ 
T7te  Jeverhnow  drawn  farther  to  the  left,  vf\iidi  c\*»ea  "^Jw 
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vertical  overflow  to  the  lifting  set  15,  and  diverts  tbe  w 
through  the  forcing  combining  tube  14.  A  further  motion  of 
lever  then  opens  the  forcing  steam  nozzle  12,  and  closes  the  o 
flow,  so  that  the  jet  enters  the  boiler  through  the  check  valve 
By  this  ingenious  arrangement  the  injector  is  manipulated  enti 
by  the  lever  2,  and  the  motion  of  the  latter  is  practically  con 
uous  except  for  very  high  lifts,  when  it  is  necessary  to  bold  i1 
the  first  position  for  a  few  moments  until  the  water  appean 
the  overflow  18. 

The  Monitor  injector  is  a  modification  of  Friedman's  Injec 
which  was  described  in  the  earlier  editions  of  this  book.     It  is 
of  the  most  widely  used  types  for  locomotives,  and  contains  a 
novel  features.     The  cut,  which  is  a  sectional  view  through 
apparatus,  clearly  shows  its  construction.     The  combining  tut 
divided  into  two  parts,  26,  27,  so  as  to  form  an  overflow  in  it. 
addition  to  the  regular  tubes  the  apparatus  has  an  indepenc 
lifting  set  or  ejector,  by  means  of  which  a  suction  is  created  in 
supply  pipe.     In  this  respect   it  is  similar  to  other  double-t 
injectors,  although  the   arrangement  is   slightly   diflferent. 
operate  the  injector  steam  is  first  admitted  to  the  lifting  jet  1^ 
by  turning   the   handle  17.     The  steam  discharges  through 
overflow  nozzle  33,  creating  a  suction  in  the  supply  pipe.   W 
water  appears  at  the  overflow  the  main  steam  jet  is  opened 
turning  the  handle  10,  and  the  water  is  forced  through  the  c 
bining  tubes  26,  27,  into  the  delivery  tube  28,  and  thence  into 
boiler.     If  the  steam  pressure  is  high,  all  of  the  water  will 
taken  away  from  the  lifting  jet  and  dry  steam  will  be  dischar 
from  the  overflow,  which  may  be  stopped  by  closing  the  valve 
by  means  of  the  handle  17.     If  the  steam  pressure  is  low 
some  of  the  water  continues  to  pass  out  of  the  over,flow,  the  w{ 
supply  must  be  throttled  by  means  of  the  valve  19,  whicl 
operated  by  the  handle  28.     In  a  later  form  of  this  injector 
opcrntioii  is  performed  by  means  of  a  lever  which  replaces 
two  hnndJcs  11  and  17. 
From  the  descriptions  \vb\e\\  Wve)aee.xv^vq^Ti^^^^Tv^>i»>'= 
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of  modern  injectors,  it  will  be  evident  that  their  difierences  lii 
entirely  in  the  details  of  construction,  the  principle  being  exact!] 
the  same  in  all.»  A  description  of  other  types  would  involve  i 
great  deal  of  repetition  without  any  special  benefit  to  the  user  of 
this  book.  The  construction  of  the  various  types  is  clearly  set 
forth  in  the  catalogues  of  the  makers,  and  the  reader  is  referred  to 
the  following  types,  all  of  which  are  widely  used,  both  for  loco- 
motive and  stationary  boilers:  "Nathan,  W.  F.,"  "Belfield," 
"Rue"  (Little  Giant),  "Metropolitan,"  " Gresham," . " Manhat- 
tan,"  "Penberthy,"  "Eclipse,"  "National,"  "Hancock  Inqn- 
K^tor,"  and  many  others. 

In  setting  up  injectors  there  are  certain  general  ]rules  whidi 
apply  to  all  types.     Upon  the  observance  of  these  depends  thfl 
successful  operation  .of  the  apparatus,  as  much  as  upon  its  caii.« 
struction,  and  they,  should  be  carefully  followed  when  the  injectoi 
is  first  installed ;   All   pipes,  whether  steam,   water-supply,  oi 
delivery,  must  be  of  the  same  or  greater  internal  diameter  thaa 
the  hole  in  the  corresponding  branch  of  each  injector,  and  as 
short  and  straight  as  practicable.     When   floating  particles  of 
wood  or  other  matter  are  liable  to  be  in   the  supply  -water,  a 
strainer  must  be   placed  over  the  receiving  end  of  the  wate^ 
supply  pipe.     The  holes  in  this  strainer  must  be  as  small  as  the 
smallest  opening  in  the  deli  very- tube,  and  the  total  area  of  all  the 
holes  must  be  much  greater  than  the  area  of  the  water-supply 
pipe,  to  compensate  for  the  closing  of  some  of  them  by  deposits. 
The  steam  should  be  taken  from  the  highest  part  of  the  boiler,  to 
avoid  the  carrying  over  of  water  with  the  steam.     "Dry  pipes" 
should  always  be  used  on  locomotives  to  insure  dry  steam ;  wet 
steam  cuts  and  grooves  the  steam  spindle  and  steam-nozzle.    The 
steam  should  not  be  taken  from  the   steam-pipe  leading  to  an 
engine,  unless  such  pipe  is  large.     Sudden  variations  in  pressure 
may  break  the  jet.     After  all  the  pipes  are  properly  connected  to 
the  injector  and  to  the  boiler,  and  before  steam  and  water  are  ad- 
niitted  through  them  to  the  injeclOT,  Wvc^  ^\\Q>wld  be  disconnected 
and  well  washed  out  by  blowing  s.le«Lm  ot  T\3iW\\\\^^^\*st^x^Ni.'^ 


ETiit'B   iixTfDV--B66ir. 


t  all  red  lead,  scale,  or  other  solids  that  may  be 

a  setting'  injectors  it  is  iniportaut  to  place  them 

sible,  since  their  capacity  is  reduced  and  the  prompt- 

"'"  y  of  their  action  diminished  as  the  height  of  lift  ia 

The  Ejector  or  Lifter. 
rexed  cut  represents  the  ejector  or  lifter,  which  is  prari 
lie  lifler  side  of  the  inspirator,*  with  a  reduced  steatn-jel 
.rged  lifter  combining- tube.     It  is  suitable  for  breweries 
i,    bleacheries,    etc.;    for    trang- 
arge  volumes  of  water,  lye,  acid, 
;r  liquids.     It  will  deliver  more 
any  kind  at  a  low  lift,  with  a 
essure  of  steam,  than  either  the 
or  inspirator;    but  it  is  not  as 
or  as  well  adapted  to  the  dif- 
^sea  for  which  these  inslru- 
r  of  them.     It 
y  good  purpose  when  cellars 
11  consequence  of  heavy 
Igh  tides,  or  overflowing  of 
H  requires  no  very  iutelligeut  j 

Its  action  is  based  on  the 
fcle  aa  that  of  the  injector, 
b  simple,  as  it  has  no  adjust-  I 
■oToble  parts. 

id  of  starting  the  ejector. — 
Bcessary  to  start  the  ejector  i 
rfJM  steam,  after  which  it  will 
^kg  as  the  water-supply  and 
^■re  continue ;  anditisimma- 

^  lift  it  ia  started  on,  as  the 

pply  may  be  gradually  reduced 

aijp/raCoj-  a,  the  aimv  givea  by  John  HancucV  ot  "i 
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to  iiKHit  the  requirements  of  the  quantity  of  water  to  be  dii 
ohiir^tHl. 

Pumps  Ts.  Injectors. 

Since  the  injector  was  first  introduced  in  this  country  in  1 
it  hiiH  rapidly  ^rowii  in  favor.    It  has  the  distinct  advantage  over f. 
pump  (hat  it  foods  a  continuous  stream  of  water  into  the  hoiler, 
sidos  boing  uioro  compact  and  having  no  moving  parts  subject 
wear  and  tear.    As  far  as  eoonomv  in  the  use  of  steam  is  coDce 
i(  oaunoi  ho  said  that  it  is  more  economical  than  a  pumpuader 
oouditions»  hut  wlioro  tlie  temperature  of  the  feed  water  is  low 
is  I  ho  inoro  ooonomioal  device  of  the  two,  and  it  may  be  said, 
i;\'uoral.  ilmi  I  ho  otUcionoy  of  the  injector  increases  as  the 
point  u  IV  ot'  I  ho  fot\l  water  diminishes.     The  following  table, 
oo.Litod  bv  ProtV^sjk^r  P.  S.  Jacobus,  gives  the  relative  value 
pu:\u»>  and  iniivtors  uiuior  diden^ut  conditions. 


W  Kul<r  j^,  unit  of  time, 

.  .^   ^.'  .-^1        .  ^i<  atnoual  for  a 

*., '•.•.■.'.>!: •.'alut*  c<2  t«\*  water  A5      »iir«c  actixiK 
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amount  re- 
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CHAPTER  XIV. 

PBESD-'WATER  HEATEBS,  ECONOMIZERS,  SEPARA- 
TORS, AND  TRAPS. 

Heating  the  feed  water  before  it  enters  the  boiler  has  three 
ifitinct  advantages.  In  the  first  place,  if  the  water  enters  the 
toiler ^at  ordinary  temperatures,  which  range  from  70^  in  summer 
35°  in  winter,  the  cold  water,  coming  in  contact  with  the  hot 
ktes  and  tubes,  causes  strains  in  the  boiler  which  will  impair  its 
very  materially.  This  may  be  avoided  almost  entirely  by 
ting  the  water  to  a  temperature  of  about  210°  before  it  enters 
e  boiler.  Secondly,  it  has  been  found  that  the  corrosive  effect 
hot  water  is  much  less  than  that  of  cold  water ;  besides,  the  heat- 
g  of  bad  water  to  a  high  temperature  removes  a  large  propor- 
ion  of  the  impurities,  depositing  them  in  the  heater,  where  they 
of  less  importance  and  where  they  may  be  easily  removed, 
stead  of  allowing  them  to  be  carried  into  the  boiler,  where  a 
jdeposit  of  scale  is  dangerous  unless  frequently  removed.  Lastly, 
very  material  gain  in  economy  i^  effected  by  heating  the  feed 
ater.  If,  for  example,  the  normal  temperature  of  the  feed- 
water  supply  is,  say,  50°,  and  the  boiler  is  used  for  njaking  steam  at, 
Bay,  80  pounds  pressure  it  will  require  in  all  about  1162  heat  units 
to  evaporate  each  pound  of  water.  Suppose  the  boiler  has  a 
capacity  of  fifty  horse-power,  which  means  that  about  1500  pounds 
of  water  are  evaporated,  requiring  1162x1500  =  1,743,000  heat 
units  per  hour.  Under  the  best  conditions  this  would  mean  a 
consumption  of  about  175  pounds  of  coal  per  hour,  assuming  that  . 
of  all  the  heat  contained  in  each  pound  of  coal  10,000  units  are 
available  for  making  steam.  Now  suppose  the  feed  water  enters 
the  boiler  at  210°.  It  will  then  require  only  1002  heat  units  to 
evaporate  a  pound  of  water,  and  consequently  there  w\\\  \)^  w^^^ 

^^y  1002x1500-^10,000  =  150  pounds  of  coal  per  \vowt  \\\v^^\ 
Id 
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ilar  conditions.     In  other  words,  the  heating  of  the  feed  water 

[has  saved  25  ^tounds,  or  about  15  per  cent,  of  the  fuel  consumed.. 

this  way  it  may  be  shown  that  about  1  per  cent,  of  the  fuel  is 

.ved  for  every  ten  degrees  the  temperature  of  the  feed  water  is 

The  preceding  table  is  calculated  to  show  the  exact  saving 

fuel  for  different  temperatures  when  the  steam  pressure  is  70 

unds. 

The  methods  of  heating  feed  water  generally  used  are  three 
number,  viz. : 

Feed-water  heaters,  consisting  of  an  arrangement  whereby  the 

baust  steam*  from  the  engines,  pumps,  etc.,  is  brought  in  con- 

with  a  fresh  supply  of  feed  water,  either  directly  or  through 

medium  of  a  series  of  tubes,  in  such  a  way  that  the  heat  of  the 

is  imparted  to  the  feed  water  until  the  temperature  of  the 

tter  is  raised  to  from  200  to  212  degrees.     After  passing  through 

heater  the  steam,  if  not  condensed  in  the  heater,  passes  either 

to  the  atmosphere  or  into  a  condenser. 

Economizers,  consisting  of  an  arrangement  of  tubes  placed 
ually  at  the  point  where  the  boiler  flues  enter  the  stack.  The 
feed  water  is  pumped  through  the  tubes  into  the  boiler,  and  in  its 
ssage  absorbs  the  heat  of  the  escaping  gases,  which  would  other- 
be  wasted.  An  economizer  is  essentially  a  water  tube  boiler, 
*nd  as  such  should  always  be  equipped  with  a  suitable  safety 
^alve. 

Condensers,  being  essentially  the  same  as  feed-water  heaters 
Ui  their  mode  of  operation,  except  that  there  is  a  considerable 
Excess  of  water  used  above  that  required  in  the  boiler,  the 
•aain  object  being  the  condensation  of  the  exhaust  steam  rather 
than  the  heating  of  the  feed  water.     (See  also  Condensers,  page 

:669.) 

i    Feed-water  heaters  may  be  divided  into  two  principal  classes: 
Closed  heaters  and  open  heaters. 

Closed  feed -water  heaters  consist  of  an  arrangement  of  tubes 

*ln  some  cases  where  the  water  contains  a   large   pereev\\.2i^e  o^  ?>^\\ 
"^JomtterineoJutioD,  Uve^team  feed-water  heaters  are  also  used. 


rHti   BH'otsPBeCB'^  SA-Bi»T«.Booie: 


^M.  thruugb  which  the  feed  water  is  forced  into  the  boiler,  the 
^H  being  surrounded  by  the  exbaust  . 

^B  g^"  ""^^     from  the  engine.     They  have  the  s 

^F  ®  S*      tage  over  open  heaters  in  this:  tiu 

\  ^I^^S^^  ^    ~  water  passeE  through  the  pump  coli 

pump  being  placei)  between  the  eoui 
eupplj  and  the  healer.     There  is  a) 
more  i  r  less  diflk-Hlty  in  pump!n| 
water  iind  if  the  heater  oanuot  be  p 
higher  than  the  pump  the  cktBed  rt 
preterable       On  the  other  hand,  il 
pr  peiiy  constructed,  eh>gcd  heaterB 
Laurie    a   back   pressure   on    the  en 
which   will    lose   more    power    tht 
gained  by  raising  the  itmpcrature  o 
water.     Besides  this,  many  of  the 
wliich  are  iu  oomrwon  use  are  vuiy 
cult  to  clean.     This  is  rq  impoiUud 
sideraiion  in  the  EelectJon  of  u  lieat« 
cause  there  is  always  a  precipilatji 
lime  if  any  is  present  in  the  watei 
the  removal  of  thin  and  other  dei| 
should   be.  provided  for.      The  w 
pauying  cut  illustrates  the  Goubert 
of  heater,  which    belongs  to  this 
The  tubes  are  expanded  into  tube  t 
at   either  end   of  the  heat«r.      Ai 
Eprcssure  is  within  the  lubes,  there  is  little  danger  of  th«) 
K'lapaing,  and  they  are  made  of  brass  in  order  that  they  will 
'  conduct  the  heat  from  the  steam  to  the  wafer.     This  h 
a  the  great  advaritt^^e  over  many  others  of  the  same  tAam, 
e  tubes  are  eiisity  accessible  for  cleaning,  it  being  merdy  t 
0  remove  the  head.     The  cross  section  of  the  ^teain  pas 
u  eight  to  si.xteeu  times  aa  gteaV  as  vWA  nf  the  exhsust 


too  back  pressuie  ciuk  enaue 
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jither  the  top  or  bottom  side  opening  may  be  used  as  the  ex- 
inlet  or  outlet     The  water  enters  at  the  bottom  and  leaves 
3  top.     In  the  Berry  man  heater,  which  also  belongs  to  this 
the  tubes  are  (\  shaped^  both  ends  of  the  tube  being  ex- 
^d  into  the  same  tube  sheet    By  this  method  of  construction 
eater  may  be  made  much  shorter  and  the  tubes  are  not 
ed   by  expansion  and  contraction.     The  National  Heater 
its  of  a  spiral  coil  or  coils  of  bnisfif  tubing  enclosed  in  an  iron 
This  has  the  advantage  that  there  are  no  joints  to  become 
and  the  whole  arrangement  is  exempt  from  strains  due  to 
ision  and  contni^tion.     Both  of  these  types,  however,  are 
vhat  more  difficult  to  clean. 

en  Heaters. — In  the  open  type  of  feed-water  heaters  the 
supply  must  be  under  pressure,  as  it  is  not  possible  in  this 
:o  force  the  water  through  the  heater.  Moreover,  the  heater 
be  placed  above  the  pump,  otherwise  the  hot  water  will  not 
r  the  pump  plunger,  as  already  explained.  The  cut  repre- 
the  well-known  Hoppes  feed-water  heater  and  purifier, 
I  is  one  of  the  oldest  of  this  class.  It  consists  of  a  series  of 
pans  enclosed  in  a  cylindrical  shell  made  of  steel  plate, 
I  at  either  end  by  cast-iron  plates.  The  front  head  is 
^ahle  to  permit  the  pans  to  be  taken  out  for  the  purpose  of 
ing.  The  exhaust  steam  enters  at  the  back  end,  and  after 
ig  through  an  oil  catcher  it  enters  the  heater  proper  and 
i  at  the  front  through  the  pipe  0.  The  pipe  5  is  a  drip 
the  oil  catcher.  The  water  is  admitted  at  the  top,  the  sup- 
eing  regulated  by  the  valve  7  and  float  shown  at  the  bottom 
3  heater.  After  filling  the  top  pan  the  water  overflows  and 
ight  in  the  next  pan,  and  so  on  until  it  reaches  the  bottom, 
3  it  leaves  through  the  pipe  P,  which  connects  with  the  feed- 
K  When  the  plant  is  in  operation  the  pans  are  always 
with  water  and  completely  surrounded  by  the  exhaust 
u  In  this  way  the  water  is  heated  to  the  \\i^Yvq^\,  sAX^vcv^V 
?rature,  while  the  pans  afford  a  settling  e\\am\ieT  io\  \X\^ 
mpuiitles,  which  may  be  easily  removed  from  \,\«i^  lo  Wm^ 


THE     engineer's     HANDY-BOOK.  279 

The  advantages  and  disadvantages  of  the  two  types  of  feed- 
rater  heaters  may  be  summarized  as  follows :  With  closed  heat- 
ss  the  water  passes  through  the  pump  cold,  and  the  water  supply, 
lump,  and  heater  may  be  placed  in  any  convenient  position  rela- 
ive  tc  each  other,  while  in  open  heaters  the  level  of  the  source 
if  water  supply  must  be  above  that  of  the  heater,  and  that  of  the 
beater  above  that  of  the  pump.  Further,  the  feed  water  entering 
the  boiler  where  the  closed  heater  is  used  is  fresh  water,  and  does 
lot  contain  any  of  the  impurities  absorbed  in  the  passage  of 
lie  steam  through  the  engine.  While  it  is  claimed  that  these 
mpurities  are  removed  in  open  heaters  by  the  use  of  oil  separa- 
ors,  etc.,  yet  there  is  a  strong  probability  that  a  sufficient  quantity 
^mains  to  injure  the  boiler  plates  to  some  extent.  On  the  other 
land,  the  back  pressure  on  the  engine  in  the  case  of  open  heaters 
s  practically  nothing,  while  in  closed  heaters  it  is  oflen  quite 
ippreciable,  the  purification  of  the  water  is  more  complete  in  the 
>pen  type,  and  the  efficiency— that  is,  the  temperature  to  which 
he  water  is  raised — is  usually  higher.  Besides,  the  open  heater  is 
lot  required  to  operate  under  pressure ;  it  is  consequently  cheaper 
o  build  and  is  less  liable  to  accident. 

Economizers,  though  not  used  as  extensively  as  feed-water 
leaters,  without  doubt  frequently  add  to  the  economy  of  operation 
Q  large  plants,  while  in  small  ones  their  first  cost  is  generally  too 
?reat.  The  sectional  views  illustrate  one  of  the  oldest  and  most 
widely  used  types  of  this  apparatus,  known  as  Green's  Economizer. 
t  consists  of  a  series  of  cast-iron  tubes  about  four  inches  in 
liameter  and  nine  feet  long,  connected  at  the  top  and  bottom  by 
leaders  similar  to  those  used  in  some  types  of  water-tube  boilers. 
C*he  headers  are  also  connected  by  two  branch  pipes  running 
engthwise  outside  of  the  brickwork.  The  feed  water  enters  the 
apparatus  through  the  connection  shown  at  the  bottom,  which  is 
O  the  end  of  the  lower  branch  pipe  nearest  the  point  of  exit  of  the 
^es,  and  leaves  it  through  the  connection  shown  at  1\\Q;  tcv^, 
^bich  is  m  the  end  of  the  upper  branch  pipe  nesiTC^t  \\ve  ^cKwX. 
ritere  the  gases  enter.     In  order  to  keep  the  extcTiOT  ^WY^^^eefe  <^^ 
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{una  soot  it  has  been  found  neceseary  to  devise  an 
ar  Benping  the  tubes  continuaUy.  This  is  also 
nita,  aad  coneiels  merely  of  a  seriee  c^  scrapera  sur- 
tubes,  whidi  continually  travel  up  and  down,  the 
ing  the  mechanism  being  supplied  either  by  beltiug 
nient  ^>aft  or  by  an  independent  engine  or  motor. 
Lted,  the  apparatus  should  be  fitted  with  a  safety 
^uite  possible  for  the  pressure  in  the  tubes  to  become 
gh.  It  should  also  be  fitted  with  a  bio w-ofi*  pipe, 
set  in  such  a  way  as  to  be  readily  accessible  for  the 
t.     The  following  cut  shows  a  convenient  method 


id  setting  the  ofonomizer,  being  the  arrangement 
i  power  house  of  tJiellniou  Railroad  Company  of 
I. 

though  a  comparatively  recent  addition  to  the  list 
iDces,  are  now  recognized  as  an  important  and  suc- 
t  to  steam-power  plants.    The  fui^ctTOTio?  e.^'s*-- 
ore  from  vapors  nnd  gases  the  \\<\\>\ia  Kfti  wX\is. 
y  along  with  them.     Thus  a  Vive-atea.'ca »kV*''*'"^i 
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in  ifiU;iHi(:<J  iriainly  U)  remove  the  entrained  water  from  the  s 
whil({  a  M^parator  placed  in  the  exhaust  piping  when  the  ex 
hUiuui  m  Ui  be  (umdaiMod  and  used  again  in  theboilerBy  is  inte 
Ut  r(!iiiov($  the  grease  which  it  has  accumulated  in  its  pa 
through  th(;  (iiigine.  The  use  of  dry  steam  in  engines  is  in 
(lint  not  only  because  an  accumulation  of  water  in  the  cylinc 
II  nicniico  to  its  safety,  but  also  because  entrained  water  iDV< 
It  vc^ry  ('oiiHidcrable  reduction  in  the  economy  of  operation. 
wiiinr  (Mirriod  into  the  steam  cylinder  not  only  carries  away 
IVoiii  i\w.  boilor  which  is  incapable  of  doing  any  work  in 
oiigiiK*,  but  it  also  materially  incretoes  the  initial  oondensal 
ont^  of  th(^  most  important  losses  of  power  in  the  engine.  H( 
tlirri'  should  bi'  provided  some  device  which  will  insure  dryst€ 
The  principles  upon  which  the  action  of  steam  separatoFSsbc 
bi^  basted  uro  now  fairly  woU  understood.  In  the  first  place,  t 
NhouM  bo  oonstruotod  in  suoh  a  way  that  the  momentum  wt 
hn.'.  boon  iioiiuiivd  bv  tho  liquids  and  solids  is  destroyed.  1 
IN  jioo\»inplishod  by  batflo  or  dotiooting  plates,  which  alter  or  rev( 
cho  din'o(ion  of  tlow  of  tho  steam,  or  by  allowing  it  to  expi 
i\\\\\  ^rivo  thohoiivior  partiolos  time  to  fell  by  the  action  of  grav 

Vrtor  this  bus  Ivon  aoivinplisheii  it  is  important  to  preveot 
v'{^'uau^l  N\ator  t'lvm  Ivinj:  apiin  piokeii  up  and  carried  along 
I  Its'  pmitixd  i^nsos      Filially .  oarv  nuisr  bo  taken  that  an  are 

uivl  ^asx  j«avv»^>'  ".s  a.K*!\U\l  to  :ho  ourrvnt  of  steam,  so  thattii 

riu- v'uu  xvt  IV  ■> ;  ...s^,;^-..-  :.,  <».-^*j{^)n  two  well-known  ty 
....  ..  ....,  ...  ^^  ..  .'.   .-.,,..  •. -•:•;.  Usi  are  embodied.  Sweet's  i 

^   '    "  '•  ■  ■  •       1^'  •^'   s      ^  •   •'i  '*'-  .  >f  i"  :i  vertical  pipe  and  is  \ 
*     •   -•  ■   •■    '..     x     x.  .    ,;    ^-   :yU:ider.  while  the  latte 

^  '      ^  '       -■..:  >.>ch  can  be  slightly  m' 

<  --  -.rrioncal  or  vertical  pi 

'»  X    :     •         ^  ^  .•.'>se&^iirat>>r.  the  course  of 

-.vv.!  -  V     tvviiricus  is  indicated  by 

•*''"'  '       '    •  •       V       •  \*     x      -   .'  --^r.T. «^ x\i3A iKft  water ( 
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i  picked  ti[)  by  the  current  of  ^team  and  the  so-called  "whip- 
snapping"  action  or  sudden  re- 
vereal  of  direction  of  flow  uf  the 
steam,  by  which  the  rest  of  the 
uiuiHture  is  shaken  out,  ae  it 
were.  In  Cochraue's  Beparator 
the   sejiaratioii    m    etiected    hy   a 


CciclirB.n«'e  Seoo.iaA-o'J 
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iribbuil  buffle  piiite  plnced  between  tbe  ateaui   inlet  iind  outia 

JTlie  Bidee  of  the  separator  couverge  towajd  tbe  centre  and  lend  I 

luth  of  which  is  pi'atccted,  eo  that  the  purj6e 

Kateam  will  nut  again  pick  up  tbe  separated  paiticleB  during  tbej 

r  reaching  the  well.     The  apparatus  is  bo  designs 

^-that  the  area  of  the  steam  p)assitge  through  it  greatly  exceeds  tb 

area  of  the  steam  pipe,  thus  minimizing  tbe  loss  in  frictiou  bi^ 

giving  tbe  heavier  particles  a  chance  to  fall  to  the  bottom.  i 

Steam  traps  are  used  wherever  it  is  necessary  to  carrr  off  col 

densed  steam  without  allowiog  any  of  the  steam  itself  to  esca| 

with  it.     There  is  hardly  a  steam  plant  in  existence  which  do^ 

not  eontain  one  or  more  steam  traps  for  collecting  and  dischargin 

tbe  condenaatioD  in  the  steam  pipes,  separators,  etc.,  and  it  ms 

i safely  be  said  that  tbe  ateam  trap  is  one  of  the  most  important  u 
the  accessory  dovices  in  u  niodern  steam  plant.  Tbe  number « 
different  types  of  traps  which  the  market  oilers  and  the  dtffereDC 
in  their  mode  of  action  ave  so  great  that  it  would  be  imposBible  hii 
to  attempt  to  describe  them  all  but  tbe  two  cuts  gnen  below  itll 
'iUuetrate,  in  a  geuernl  nay,  how  the  desired  result  is  attaint 
The  McDauicl  trap  is  uue  ot  the  uldett  and  most  widdjP  DM 
tj  pes  in  exbtOM 
_  ^^L,  '^^^   '^"*    niartrti 

the  trap  in  longitl 
dinal  settion,  wit 
the  cover  remuvw 
It  consists  of  i  CB» 
irtm  casing  into  tk 
top  uf  which  leads 
pipe  ( not  ehowo 
from  the  evflUi 
Whuh  IS  to  b 
drainetl  Tbe  v^ 
of  onndensation  geI 
/-  j«  ilu  bottom  of  the  ltsuij:  ahA  -wV-n  \\*\e\A 
ieJi,  it  acts  u/uin   the  copper  tioal 
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*m  of  levera,  K,  and  a  eoimterpoise  A  aetuates  the  plug  val 
ifting  it  from  ite  seat  G,  when  tbe  water  in  the  trap  ie  high, 
cloang  it  wlien  the  water  is  low,  As  will  he  Been  from  the 
,  tho  cover  is  removable,  so  tli at  the  trap  is  acoeesible  fordeiui- 
imd  repoire.  There  ia  also  provided  a  blow-off  pipe  J,  which 
f  be  conuected  to  the  waste  pipe.  The  Bet  screw  A  iu  the 
es  is  fiir  the  purpose  of  adjusting  the  rate  of  disoharge.  It  \e 
med  for  the  MeDaiiiel  trap  that  it  will  discharge  coil tiuuou sly 
I  without  allowing  any  steam  lo  eacaj>e  with  the  cundeiisation. 
»n  properly  ailjusteti  thtre  k  uo  reason  why  it  should  not  suli- 
otiate  these  claims,  and  it  has  been  Ibund  a  very  satisfactory 
B  for  both  high  and  low  presiiurea.    The  Heintz  steam  trap, 


BelntB  Stearn  Trap.  ^H 

u^tr:)tcd  in  the  other  nut,  is  entirely  different  in  its  action,  bl]|^| 
CDUjpIishes  the  same  object,  viz.,  the  continuous  discharge  of" 
G  condessatioii  without  wasting  steam.     It  consists  of  an  outer 
aing  with  removable  cover,  a  curved  tube  spring  of  elliptical 
■oas  section,  a  plug  valve,  and  a  spiral  spring.     The  tube  spring 
partially  filled  with  a  liquid  whi<;h.  heated  by  the  condeu?^ 
iT  surrounding  it,  oompletely  fills  the  tube  wWn  t\\ft  VcmV''^^' 
^^iK.rfie  action  ia  HimilnF  tnt^^it^,  \t^  t\ift^CTB&.<iB 
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pressure  gauge,  for  as  the  temperature  of  the  water  rises,  pressi 
is  exerted  within  the  tube,  causing  it  to  straighten  out  and  t] 
close  the  plug  valve.  When  the  temperature  has  reached  21 
the  valve  is  forced  tightly  against  its  seat,  remaining  so  u£ 
enough  condensation  has  accumulated  to  lower  the  temperati 
one  degree,  when  the  valve  opens  sufficiently  to  pass  off  the  a 
densed  steam,  but  closes  again  as  soon  as  the  water  is  dischargi 
The  opening  and  closing  are  accomplished  so  quickly  that  there 
practically  a  continuous  flow  of  water  from  the  outlet. 

By- Passes. — All  of  the  appliances  which  have  been  descjiii 
in  this  chapter  should  be  provided  with  by-passes — that  is,  tb 
should  be  connected  with  the  piping  in  such  a  way  that  eitl 
the  steam  or  the  water  can  be  made  to  pass  through  an  auxilia 
pipe  whenever  it  is  desirable  to  cut  out  the  heater,  separator, 
trap  for  cleaning  or  repairs.    The  diagram  shows  how  a  by-paa 


usually  arranged.  It  consists  of  a  pipe  passing  around  the  api 
ance  to  which  it  is  connected,  and  three  valves  F/,  F^,,  and  I 
Under  ordinary  conditions  the  valves  V^  and  F^^  remain  open  a 
V^^^  is  closed.  But  if  the  by-pass  is  to  be  used,  the  valve  V^,, 
opened  and  V^  and  V^^  are  closed.  The  heater  or  other  appliai 
may  then  be  disconnected  by  means  of  the  unions  C7,  without  iat 
fering  in  any  way  with  the  continuity  of  operation. 
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CaaAPTER  XV. 

FQBNAOBS,  GRATES,  OHTMNEYS,  BTO. 

Furnaces  and  Flues. — The  rules  which  apply  to  the  strength 
'  the  cylinder  subjected  to  a  pressure  from  within,  such  as  cyliu- 
-ical  boilers,  do  not  apply  to  furnaces  and  flues,  where  the 
'essure  is  exerted  from  without.  The  thickness  of  a  cylinder 
ibjected  to  a  given  pressure  from  within  depends  only  upon  the 
iameter  of  the  cylinder,  the  pressure,  and  the  strength  of  the 
laterial.  The  tendency  of  the  internal  pressure  is  to  keep  the 
^lindrical  shape  intact,  so  that  rupture  will  occur  only  when 
le  material  of  which  it  is  made  gives  way.  When,  however,  the 
ressure  is  exerted  from  without  the  case  is  more  complicated, 
ecause  unless  the  cylinder  is  mathematically  perfect,  any  devia- 
on  will  be  exaggerated  by  the  pressure,  so  that  it  will  collapse 
mg  before  the  crushing  strength  is  reached. 
The  experiments  of  Fairbairn,  made  some  forty  years  ago, 
lowed  that  the  strength  of  cylinders  subjected  to  external  press- 
re  varies  directly  as  the  square  of  the  thickness  of  the  metal, 
nd  inversely  as  the  diameter  and  the  length.  Rankine's  formula 
)r  finding  the  collapsing  pressure  of  boiler  flues  is : 

p=  806000  1^ 
la 

'here  P  =  collapsing  pressure  in  pounds  per  square  inch. 

t  =  thickness  of  the  iron  in  inches. 

d  =  diameter  of  the  flue  in  inches. 

^=  length         "  "     feet, 

lence,  to  find  the  collapsing  pressure  of  a  boiler  flue,  we  have 
he  following : 

Rule. — Multiply  the  square  of  the  thickness  of  tlvci  Vtcm  \w 
nches  bj  the  constant  number  806000 y  and  divide  t\v\^  ^To^vveX. 
r  the  product  of  the  diameter  of  the  flue  in  mcVve^  «Ai^  \V» 


sm 


TH£     ERQIHHSiB'B.  jKAlfttr-BtttlJ 


length  in  feet.  The  quotier 
be  the  collapsing  preasu) 
pounds  per  square  inch. 

Example, — What  pressut 
square   ijich  will   cause   a 
flue  24  inches  in  diameter  ar 
feet  long  to  col]a))se,  if  the 
is  I  of  an  inch  thick  ? 

Collapsing  pressure 

8Q6QQQ  X  .376  X  .m 
24  X  20 
=  236  pounds. 

Various  methods  have 
employed  for  strengthening 
dues,  such  as  angles  and  tec 
cted  around  the  inner  or 
surface  at  intervals.  In  sudi 
the  strength  is  to  be  caJcuUt 
the  above  rule,  but  the  leni 
taken  as  the  distance  betvee 
stiffening  rings,  GalloWfty 
(see  Galloway  Boiler,  p.  162) 
also  been  employed  to  increa 
strength  of  flues.  The  most 
ceeeful  plan,  however,  la  thi 
vised  by  Mr.  SamBon  Fo: 
Leeds,  England,  vhi(^  co 
of  corrugating  ihe  flue,  aa  i 
in  the  perspective  and  nc 
views  of  Morrison's  eiiapc 
furnace.  This  plan  of  corruf 
the  furnaces  and  flues  is  in 
most  universally  used  with 
riD.\\\  &TeA  \»s\Vew,      Beside 
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furnaces,  it  offcre  the  additional  advnntngea  of  greater 
Hurt'aOe  and  greater  elasticity.      Tiie  lougitudiual  aeclional 
vatioii  ehdws  how  the  furnaces  are  attached. 

Grates  ordinarily  consist  of  a  number  of  caat-ii'on  bars  8uj> 
ported  at  the  ends  on  wrought-iroo  hearers.    The  shapes  given  iu. 


The  lotertooWng  Grate  Bar. 


these  bars  are  various,  depending  mainly  upon  the  chamcterofl 
the  fuel  to  he  used.     It  would  be  impossible  to  give,  withJa  ll 
limits  of  this  book,  any  conception  of  all  that  has  been  evolved^ 
the  way  of  grate  bars,  but  a  few  of  the  well-known  typee  munM 


ii*M>MiiU^^^ 


Bayers'  Patent  Grate. 


^ 


factured  by  Homce  E.  Frick,  of  Philadelphia,  are  illustrated  is 
the  following  cutfl,  wbich  are  self-pxplnnatory.  In  general  itwj 
be  said  tliat  the  bars  sbould  he  girder-shaped  for  strength,  Iwg 
prates  being  usually  made  in  several  pieces  witb  bearers  betvtei( 
tAe  different  Zeniths,  as  shown  in  li^ft  V(m?,\tadinal  aectional  eleffr, 
of  Mcirrisou'a  suspeusiou  furnace,  \i.%^.  TUa  %'wara-«** 
a  coijfi/derable  slope  toward  t\i«\>rVV^*'^'^'«>^^^***^^ 


F 
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Bion  of  fuel.    The  spaciug  of  grate  bare  depeniis  entirely 
>n  the  nature  of  the  coal  whit^h  is  to  be  burned.    The  air  space 


Obtuse  Ai>ele.  "^H 

weea  the  bars  should  be  subdivided  aa  niticb  as  possible,  bo 
;  every  part  of  the  fire  will  receive  its  proper  supply  of  air. 
bituminous  eoal  the  spaces  betweeu  the  bars  should  be  j-S 
1 ;  but  for  anthracite,  especially  the  finer  grades,  it  should  be 
over  i  inch.  Of  course,  the  smaller  the  Bpaues  betweeji  the 
i.  the  greater  will  be  the  rosishinuo  to  the  pns^ti[;o  of  air,  and 


The  Improved  Eevstooo  Grata. 

fine  anthracite  fiiel  it  is  frequently  neceesary  to  use  forced 
oght  in  order  to  make  the  combustion  sufficiently  rapid.  The 
ance  of  the  lop  of  the  grates  from  the  ashpit  varies  from  24 
10  inches. 

ihaking  grates,  and  crushing,  dumping,  rocking,  water  circu- 
ng,  rotating  grntee,  etc.,  are  names  given  to  various  designs  of 
,tes  intended  to  facilitate  the  operations  of  firing.  There  are 
ny  types,  differing  to  some  extent  in  their  ni.>de  of  operation, 
:;  a  deecription  of  one  will  suffice  to  illustrate  what  they  are 
ended  to  accorapUsh.  McCIave's  grntc  is  intended  to  a\\iC«.ft 
t  fire,  remove  dinkee^  from  soft-coal  fires  and  finfe  aaVes  itOTO. 
^m^es.  etc.,  by  means  oftvio  levers  placed  on  We  o\i.\»Ae, 
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ich  are  operated  without  opening  the  furnace  doors.  The  cut 
)ws  the  two  sections  of  the  grate  in  their  extreme  positions, 
•m  which  the  method  of  operating  will  be  made  sufficiently 
:ar.  The  McClave  grates  are  made  with  different  sizes  of  meshes 
suit  different  kinds  of  fuel,  and  they  are  so  designed  that  the 
aking  movement  does  not  increase  the  size  of  the  openings.  The 
ate  is  divided  into  halves,  each  half  being  operated  by  a  separate 
v^er,  so  that  the  clinkers  may  bq  removed  without  wasting  the 
iconsumed  fuel,  which  is  shoved  on  the  stationary  half  while  the 
inkers  and  ashes  are  cut  through  on  the  other. 

Automatic  Firing. 

Automatic  or  mechanical  stoicers  consist  of  a  mechanism 
ttached  to  the  boiler  by  means  of  which  the  firing — that  is,  the 
jeding  of  the  fuel  to  and  the  removal  of  the  ashes  from  the  fur- 
ace — is  performed  mechanically.  The  first  mechanical  stokers 
ate  back  to  the  time  of  James  Watt,  but  it  is  only  within  the 
ist  few  years  that  they  have  been  used  to  any  great  extent.  In 
:eneral  it  may  be  said  of  these  devices  that  for  small  steam 
»lants  they  are  too  expensive  and  the  saving  too  small  to  warrant 
heir  installation,  but  for  large  plants  they  offer  important  advan- 
ages :  fuel  economy,  prevention  of  smoke,  saving  in  labor,  and  great 
tleanliness  in  the  boiler  room.  Hand  firing,  even  under  the  best 
^nditions,  occurs  at  irregular  intervals,  and  usually  more  coal  is 
)ut  on  than  is  necessary.  It  is  not  usually  expected  of  a  fireman 
.hat  he  shall  exercise  any  special  ability  in  performing  his  duties, 
^nd  yet  the  results  obtained  depend  largely  upon  the  fireman,  for 
f  he  will  not  spread  the  coal  evenly  over  the  grate  and  at  a  nearly 
jniform  rate,  the  effect  will  soon  be  noticeable  in  the  coal  con- 
sumption. With  mechanical  stokers  the  firing  becomes  entirely 
independent  of  the  skill  or  the  efforts  of  the  fireman,  the  fuel 
being  mechanically  spread  over  the  grate  at  a  uniform  rate  and 
allowed  to  remain  there  just  long  enough  to  be  consumed.  C^ivv 
eequentlj  the  combustion  is  completCy  and  very  V\U\e  wweow'&w'Kv^^ 
^^rdon  passes  out  of  tlie  cliininey,  even  thovigh  a  \>oot  ^T^vi^  ^^ 
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coal  may  be  used.  The  labor  of  firing  is  cut  down  very  mateii 
ally,  there  being  no  cleaning  of  fires  and  no  manual  labor  whtt* 
ever,  except,  perhaps,  in  bringing  the  coal  into  the  hoppen  ii| 
front  of  the  boilers,  which  can  also  be  accomplished  by  the  aid  of 
suitable  machinery.  Finally,  where  mechanical  stoking  is  em- 
ployed, the  whole  boiler  plant  is  very  much  cleaner,  and  the  mai 
in  charge  can  keep  it  so  with  as  little  labor  as  an  engineer  ean  tke 
engine-room. 

One  of  the  most  successful  systems  of  mechanical  stoldiil 
which  has  thus  far  been  designed  is  the  Wilkinson  system,  hiik 
by  the  Wilkinson  Manufacturing  Company,  of  Bridgeport,  ?t 
There  are  many  other*  systems  which  have  also  proved  8ucce» 
ful,  but  a  description  of  the  Wilkinson  Device  will  suffice  to  shol 
in  a  general  way  how  mechanical  firing  is  accomplished. 

The  Wilkinson  Automatic  Stoker,  as  used  at  the  Bsldwii 
Locomotive  Works,  and  the  method  of  handling  the  coal  ani 
ashes,  are  illustrated  in  the  following  cuts. 

The  first  illustration  represents  the  interior  of  the  boiler  rooi 
on  the  second  floor,  showing  the  fronts  of  the  Babcock  A  WilotB 
water  tube  boilers  equipped  with  automatic  stoking  apparetoi 
(Wilkinson  system).  There  are  four  batteries  of  two  hoilefl 
each,  aggregating  2000  horse-power. 

The  second  illustration  shows  the  exterior  of  the  power  honae 
It  will  be  seen  that  the  siding  has  a  number  of  holes  between  th 
tracks  provided  with  cover  plates.  The^e  holes  are  the  entrance 
into  the  coal  vaults  under  the  boiler  house.  During  the  open 
tioii  of  the  boilers  an  endless  chain  with  buckets  passes  along  tb 
front  of  the  coal  bins,  up  through  a  cylinder  at  one  end  of  il 
huildinir,  tlien  over  the  top  of  the  hoppers  shown  above  the  firoi 
of  the  hoiloi-s,  where,  by  a  simple  device,  the  buckets  are  tilU 
so  tli(;y  can  he  emptied  into  any  one  of  the  hoppers.  After  di 
charginjj:  tlieir  contents  the  bucket*?  pass  down  a  similar  cylind 

*  Anioiiir  tlie  otlicr  AincricMn  systems  of  mechanical  firing  the  followl 
w/iv  he  mentioned  ;  Koney,  Uubeock  &\>Jv\co'x.,^\.vrr^^,  Kx&«tvcsia^ Jod 
eta 


•^ 
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at  ilie  other  end.  The  coal  then  drupe  down  through  tlie  pipe 
which  are  suepended  by  n  ball-and-eocket  joint  from  the  Lupj) 
This  hoisting  meehnnism  ie  oijerated  by  means  of  a  five  bpt 
power  vertical  engine,  not  shown  in  the  illustration.  Aovti 
similar  engine  operates  the  horizontal  shaft  shown  in  front  fif  t 
boilers,  and  this  is  belnad  to  the  grate-bar  mechnniem.  by  whi 
the  coal  is  worked  along  to  the  end  of  the  oblique  grate,  and 


Exterior  of  Boiler  Boom,  Baldwin  Locomotive  Worka. 


frjSdjusted  as  to  speed  that  complete  combustion  of  the  fuel  tak» 
place  by  the  time  it  reaches  the  end  of  the  grate.  The  gratft- 
bar  mechanism  is  more  clearly  shown  in  the  two  cuts  on  p.  29(. 
The  grate  bars  are  of  cast  iron,  hollowed  and  nearly  triangular  io 
cross  section,  the  upper  end  being  open  to  the  bla^t  pipe  as  alnm 
in  the  front  view,  while  the  lower  end  is  supported  on  a  caat-inQ 
box.  The  coal  is  fed  by  the  motion  of  the  grate,  which  )8 
municated  to  it  from  the  horizontal  shaft  over  the  boilers,  r^ 
to  above,  by  means  of  the  ■pviUe'j  ^^m  wbeel  and  toggle 
mwa  ia  the  front  view.    In  l\i»  'flstj  \iift  wn!i\AwaB»&\»j^' 
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forth  motion  of  the  grate  bars  maintains  a  uniform  thrcknesg 
fire,  while  the  coal  gradually  descends  to  .the  bottom  of  the  gr 
when  it  falls  on  the  stationary  grate  shown  in  the  furnace  t 
The  ashes  are  pushed  from  the  stationary  grate  by  the  motioi 
the  grate  bars,  and  descend  through  chutes  under  the  boiler  f 
to  the  cars  on  the  siding,  as  shown  in  the  exterior  view  of 
boiler  house.  A  steam  blast  is  used  to  induce  a  current  6i 
through  the  grate,  the  intensity  of  the  current  being  regulatec 
a  suitable  valve.  The  amount  of  steam  required  for  this  pur 
is  about.  10  per  cent,  of  that  generated  by  the  boilers.  1 
claimed  that,  as  the  steam  is  decomposed  by  the  heat  of  the 
the  combustion  chamber  is  filled  with  burning  gases,  resultin 
a  more  uniform  distribution  of  the  heating  surface  of  the  be 
A  further  object  of  the  steani  blast  is  to  preserve  the  grate  ba 
Coal-dust  firing  is  another  one  of  the  inventions  of  the 
decade  which  will  doubtless  play  an  important  part  in 
advancement  of  industrial  enterprise.  It  is  hardly  necessary 
to  point  out  the  advantages  of  a  system  of  firing  by  which 
dust,  or  particles  too  fine  for  use  with  any  form  of  grate, 
be  economically  used  as  fuel.  Several  systems  for  utilizing 
dust  in  boiler  furnaces  have  been  levised,  and  of  these 
Schwartzkopf  System  has  been  most  successful  in  consuming 
grade  of  fuel,  not  only  economically,  but  also  with  an  ei 
absence  of  smoke.  The  cut  below  represents  this  system, 
apparatus  consists  of  a  hopper,  a,  filled  with  coal  dust.  The 
per  is  closed  at  the  bottom  by  an  elastic  plate,  c,  which  cai 
adjusted  by  means  of  a  set  screw,  b,  and  by  a  shaking  lid,  d.  A 
tionary  plate,  e,  relieves  the  lid,  a,  of  the  pressure  of  the  coal  d 
/  is  a  round  brush  made  of  flat  steel  wires.  Attached  to  it 
hammer,  g,  which  at  each  revolution  strikes  the  piece  A,  fast 
to  the  shaking  lid  d.  Each  stroke  of  the  hammer  Throws 
plate  d  back  a  certain  distance,  the  range  of  which  can  be  i 
lated,  and  permits  a  fixed  quantity  of  coal  dust  to  fall  thn 
>^  tlui3  o])ened.  This  ft\ol,  vAvveV  ^^X.^w^^e*  ^^  ^\\ale  ^ 
•evolving  brush,  allows  \\\e  qo«X\.o  i^  ^KxJasa.  t^ksv.^ 
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ietlee,  which  throw  it  with  eome  force  into  the  combustion 
iT  k.  As  eooD  as  the  hammer  g  has  passed  the  piece  h,  the 
'  apriD^  back  hj  its  ohd  tension  and  closes  the  aperture 
1  which  tbe  coal  fell,  thus  checking  the  feed.  As  the 
^injing  the  hammer  g  revolves  rapidly,  it  causes  a  con- 
and  uniform  feeding  of  the  coal  duat,  which  can,  however, 


lated  by  the  screw  b.    Even  damp  coal  and  larger  parti- 
ich  may  have  gotten  into  the  hopper  by  accident  are  fed 
1  and    thrown    into   the   combustion    chamber,  a  feature 
8  not  possessed  by  any  other  system  of  dust  firing. 
eombuslion  chamber  k  may  be  made  in  the  flue  of  a  boiler 
ig  it  for_a  distance  of  five  or  ten  feet  with  fireVincV.ft. 
art  the  coal-dust  fire  it  is  necessary  to  \>ui\i  a  amaSi  -wwA 
to  burn  eome  greasy  waste  iu  the  combuatioa  cV«TCitae« 
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The  dust  being  sprayed  through  the  flame,  catches  fire 
and  soon  heats  the  firebrick  lining  to  a  point  at  which  it  \ 
tain  continuous  and  complete  combustion.     In  boilers  wli 
not  used  during  the  night  a  fire  can  be  started  in  five  i 
the  firebricks  having  reached  a  bright-red  heat  in  this  tim 

The  air  required  for  combustion  enters  at  I,  n,  and  o,  and 
the  lines  indicated  by  the  arrows.  The  supply  of  air  can  I 
lated  at  all  three  points,  but  the  damper  o  is  quite  suffic 
this  purpose.  The  quantity  of  coal  dust  required  is  re 
by  the  screw  b.  By  screwing  it  in,  the  plate  e  is  presse 
from  the  shaking  plate  d,  and  the  aperture  through  wl 
coal  falls  is  widened  and  the  feed  is  increased.  By  scr 
out  the  reverse  obtains. 

The  whole  regulation,  as  was  stated  above,  consists  in  a 
the  screw  b,  which  regulates  the  feed,  arid  in  admitting  th( 
amount  of  air  through  the  damper  o.  Every  ten  hours  tV 
which  collects  in  the  combustion  chamber  may  be  remo> 
a  hoe  through  the  door  n.  One  man  can  attend  twelve  b 
more.  The  power  required  to  drive  the  brush  J"  does  no 
■^jj  horse-power. 

The  use  of  oil  as  fuel  has  of  late  years  grown  in  favoi 
ail  extent  that  a  few  words  in  regard  to  it  will  not  be  ami 
advantages  of  oil  over  solid  fuels,  such  as  coal,  wood,  and 
are  briefly  as  follows :  The  firing  is  extremely  simple,  r 
no  other  labor  than  the  turning  of  a  valve,  so  that  one  i 
take  care  of  the  firing  of  upward  of  1000  horse-power 
difficulty ;  the  fire  is  much  more  uniform  and  more  easi 
lated  to  adjust  the  output  of  the  boiler  to  the  varying  co 
of  load ;  the  economy  is  much  greater,  because  there  is  no 
and  closing  of  the  furnace  door,  and  it  is  claimed  that  ai 
ration  of  eighteen  pounds  of  water  per  pound  of  petroh 
easily  be  attained  ;  the  firing  is  much  cleaner  and,  it  is  < 
safer,  because  of  the  entire  absence  of  sparks  and  cind 
there  are  no  ashes  to  remove;  fox  locomotives  and  ste 
the  small  space  occupied  \iy  o\\  aa  ooT£\^«i.t^  \ft  ^»»j\>^ 
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being  only-  one-half  and  the  space  occupied  one-third  for  the  sa 
calorific  effect ;  and  finally  the  saving  of  space  in  the  constraeti 
of  the  boiler,  oil  fuel  requiring  a  much  smaller  fire  chamber. 
the  World's  Columbian  Exposition,  at  Chicago,  1893,  the  ent 
boiler  plant  was  fired  with  crude  oil  During  five  months  31,(1 
tons  were  consumed,  and  it  Is  stated  in  the  official  report  that  1 
consumption  was  about  2.1  pounds  per  horse-power.  The  m^ 
of  burning  oil,  as  used  by  the  Baldwin  Locomotive  Works,  is  ill 
trated  in  the  cut  on  the  preceding  page,  showing  a  longitu'db 
section  and  end  view  of  the  furnace.  The  oil  is  injected  throa 
an  oil  injector,  1,  which  is  connected  by  means  of  pipes  to  the 
tank  and  to  the  steam  space  in  the  boiler.  By  turning  on  1 
9team  by  means  of  the  valve  6,  and  the  oil  by  the  cock  2,  whi 
is  operated  by  the  handle  4,  the  oil  can  be  sprayed  into  the  I 
nace,  7,  at  any  desired  rate.  The  furnace  is  lined  with  firebii 
and  the  fire  can  be  regulated,  started,  or  stopped  instantly, 
quadrant,  5,  shows  the  amount  of  opening  of  the  cock  2. 

Chimneys  and  Stacks. 

The  presence  of  draught  in  any  locality  is  diie,  to  a  certain 
tent,  to  the  unbalanced  pressure  of  the  atmosphere,  and  is, 
many  cases,  intensified  and    heightened  by  natural  causes,  1 
more  frequently  by  mechanical  and  artificial  arrangements.    1 
natural  draught  or  rush  of  air  up  chimneys  or  funnels  is  caused 
the  buoyancy  both  of  the  rarefied  atmosphere  and  of  the  ga 
which  pass  through  the  fuel,  as  well  as  by  the  natural  affinity 
the  colder  and  denser  atmosphere  to  rush  in  and  fill  up  the  vacu 
caused  by  the  escape  or  ascension  of  the  preceding  volume.    . 
the  phenomena  connected  with  draught  are  not  as  well  undersU 
as  they  should  be,  considering  its  importance  as  an  agent  in 
promotion  and  maintenance  of  the  combustion  of  ftiel;  the  obj 
of  draught  being  to  supply  oxygen  to  the  burning  fuel,  and  disse 
nate  or  eject  the  products  of  combustion. 
/Vumerous  attempts  have  been  m«k.^^  «l\.  ^\^^\^\!&.  \I\\ft«^  \ft 

'i  rules  for  the  area  and  l[ve\g\\t  oi  c^Vm\ie^^  VV^X^wX^^-w 
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nt  draught  for  the  consumption  of  a  certain  quantity  of 
a  given  time,  but  such  formulse  have  more  frequently  failed, 
icceeded,  in  giving  satisfactory  results,  which  is  due  prob* 
>  the  want  of  knowledge  of  the  requirements  in  each  in- 
al  case,  and  of  the  location  and  surroundings.  Attempts 
many  instances,  made  to  produce  a  good  draught  by  carry* 
i  chimney  above  all  surrounding  objects  and  buildings,  but  it 
Qtly  occurs  that  shorter  chimneys  of  the  same  area  and 
il  dimensions  have  a  better  draught.  It  is  claimed  by  some 
ers  that  chimneys  ought  to  increase  in  area  frotn  bottom  to 
be  capable  of  producing  a  good  draught,  while  others  assert 
le  reverse,  and  claim  that  they  ought  to  decrease  from  bottom 
It  has  been  found  by  experiment  that  both  arrangements 
2ed  a  good  draught  under  some  circumstances,  but  neither 
n  under  all  circumstances.  The  area  of  any  chimney  should 
50  slightly  from  bottom  to  top,  in  order  to  provide  for  the 
jed  volume  of  the  heated  air  and  gases  resulting  from  their 
don.  It  has  been  found  that  round  iiues  produced  a  better 
it,  as  a  general  thing,  than  either  square  or  oval  ones  of  the 
irea  and  height.  This  doubtless  arises  from  the  fact  that 
shing  through  or  up  a  flue  or  funnel,  has  a  tendency  to  as- 
ihe  form  of  a  screw,  which  is  due  probably  to  «ome  natural 

epse  currents  and  capping  winds  frequently  interfere  with  the 
it  in  short  chimneys,  but  the  same  effect  is  frequently  pro- 
on  tall  ones  during  some  kinds  of  weather  and  at  certain 
3  of  the  year ;  certain  it  is,  that  very  tall  stacks  do  not  pro- 
.  corresponding  draught  in  proportion  to  the  height,  and  it 
en  demonstrated  by  observation  that  there  is  nothing  to  be 
by  raising  chimpeys  very  high.  It  often  occurs  that  chim- 
►f  apparently  suflScient  height  are  incapable  of  producing 
mt  draught.  This,  in  many  instances,  arises  from  the  fact 
ie  quantity  of  fuel  consumed  in  the  furnace  will  not  '^toA.m^^ 
mt  heat  in  the  £ue  to  rarefy  the  air  and  cause  Atau^X., 
7  other  chimneys  of  ample  height  and  area,  in  con9,ec\ue\ie» 
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of  the  air  and  heated  gases  having  to  pass  through  a  long,  < 
flue  between  the  boiler  and  chimney,  the  draught  is  sluggish 
unsatisfactory. 
The  theory  which  underlies  the  proportioning  of  chimneys  i 

be  briefly  explained  as  follows :  Each  pound  of  coal  consumec 
the  furnace  requires  about  24  pounds  of  air  for  its  complete  o 
bustion,  and  as  a  pound  of  air  has  a  volume  of  12}  cubic  feel 
32*^,  and  the  volume  of  the  products  of  combustion  is  practio 
the  same  as  that  of  the  air  supplied,  the  total  volume  of  : 
nace  gases  at  32^  will  be  24  x  L2i  -  300  cubic  feet.  At  i 
other  temperature  the  volume  is  increased  in  the  proportion 
the  absolute  temperatures.  Thus,  if  the  temperature  in  the : 
nace  is  2000*^,  the  volume  of  the  gases  will  be 

300  X  ^^^^  \fJ^  =  1495  cubic  feet  * 
32  +  460 

The  draught  of  the  chimney  depends  only  upoij  the  differe 
between  the  weight  of  a  column  of  outside  air  having  a  hei 
equal  to  that  of  the  chimney  above  the  grate  and  that  of 
column  of  hot  air  within  the  chimney.  It  is  proportional  net 
to  the  product  of  the  height  of  the  chimney  into  the  difference 
temperature  of  the  outside  and  inside  temperatures.  For  exam 
the  weight  of  a  column  of  gas  1  foot  square  and  150  feet  higl 
32°  would  be : 

-^25-  =  12  pounds, 

while  if  the  temperature  is  500°,  the  weight  of  an  equal  cok 
will  be 

12  (32  +  460)      ^_  , 

.  500  +  460      =  ^'^^  P^"°^^- 

Hence,  if  the  temperature  of  the  outside  air  is  32°-and  that  wil 

the  chinmey  500°,  the  difference  in  weight  of  two  equal  colui 

''":as  1  foot  square  and  150  feet  high,  at  those  temperature 

be  absolute  temperature  is  oblaiTve^^a-^  ^^^va«  \^^  \»  V^v^'^-^^^sJ 
to  the  Centigrade  temperalxii©. 
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I —  6.15  —  5.85  pounds,  which  is  equal  to  the  draught  per  square 
Ipt'of  chimney  area.  The  height  of  a  column  of  gas  at  the  tem- 
kture  within  the  chimney  equal  to  this  difference  in  weight  is 
the  head  of  the  chimney,  because  it  is  this  difference  which 
uces  the  draught  or  flow  of  air,  just  as  the  difference  of  level 
head  produces  the  flow  of  water. 
lule  for  finding  the  head  of  chimneys, — Multiply  the  weight  of 
ibic  foot  of  air  at  the  temperature  of  the  outside  air  by  the 
ight  of  the  chimney  and  divide  the  product  by  the  weight  of 
cubic  foot  of  air  at  the  temperature  in  the  chimney.  From 
quotient  subtract  the  height  of  the  chimney;  The  result  will 
the  head  in  feet. 
Example. — If  the  temperature  of  the  air  is  32°,  that  in  the 
timney  500°,  and  the  height  of  the  chimney  150  feet,  the  weight 
r  a  cubic  foot  of  the  outside  air  will  be 

r^  =  .08  pound, 

die  -the  weight  of  a  cubic  foot  of  air  at  the  temperature  of  the 
iney  will  be 

.08(32  +  460)       ^.,  , 

hence  the  head 

•08^50  _  ig^_  143  feet. 
.041 

If  there  were  no  obstruction  to  the  passage  of  the  gases,  the 

Mocity  of  flow  of  air  would  be  equal  to  the  square  root  of  the 

voduct  of  the  head  and  the  constant  number  64.4.     However,  the 

k)w  is  greatly  impeded  by  the  resistance  opposed  by  the  grate  and 

be  fuel,  and  by  the  friction  of  the  sides  of  flues,  tubes,  and  the 

Mis  of  the  chimney.     Hence,  the  actual  flow  is  very  much  less 

pan  this ;  how  much  less,  depends  upon  the  kind  of  grate  and 

|lel,  the  thickness  of  fire,  the  condition  of  the  flue  walls,  etc.     It 

k  evident,  therefore,  that  any  rules  which  may  be  laid  down  for 

Bulating  the  aze  of  chimneya  mil  be  largely  t\\e  Tes>v3\\s»  q^ 

mence, 
V        SO 
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The  following  rules  are  based  upon  the  assumption  that 
effect  of  the  frictiou  is  the  same  as  though  the  area  of  the  chin 
were  (contracted  by  an  amount  varying  with  the  square  root 
the  height,  and  that  it  requires  a  consumption  of  five  pound 
coal  per  hour  to  produce  a  horse-power. 

Rule  for  finding  the  effective  area  of  a  given  stack. — Subt 
from  the  actual  area  of  the  stack  six-tenths  of  the  square  roo 
the  actual  area,  or  divide  three-tenths  of  the  horse-power  by 
square  root  of  the  height  in  feet.  The  result  will  be  the  effec 
area  in  square  feet. 

Ru\e  for  findiiig  the  area  of  a  stack  of  given  height — ^Divide 
hundredths  of  the  number  of  pounds  of  coal  consumed  per  li 
by  the  square  root  of  the  height  of  the  stack  in  feet.  The  re 
will  be  the  effective  area  in  square  feet. , 

Rule  for  finding  the  area  of  a  stack  when  the  height  is  not  gim 
Extract  the  fourth  root  of  the  cube  of  the  number  of  pounds 
coal  consumed  per  hour  and  multiply  this  by  the  constant  m 
ber  .07.  The  result  will  be  the  actuill  area  of  the  stack  in  sqii 
feet. 

Rule  for  finding  the  height  of  a  chimney  of  given  area. — D'w 
six-hundredths  of  tlie  number  of  pounds  of  coal  used  per  houi 
the  effective  area  of  the  .stack  in  square  feet,  and  square  the( 
tient.     The  result  will  be  the  height  in  feet. 

Rule  for  finding  the  height  of  a  chimney  when  the  area  « 
given. — Divide  the  number  of  pounds  of  coal  consumed  per  1: 
by  the  area  of  the  grate  in  square  feet,  and  square  the  quoti 
jNIiiltiply  this  by  the  constant  number  120,  and  divide  the 
duct  by  the  stack  temperature.     The  result  will  be  the  heigh 

In  calculating  the  dimensions  of  a  stack  or  chimney  by 

iih(Ar  rules  the  height  is  usually  fixed  in  advance  by  local  co 

lions,  such  as  the  quality" of  the  coal,  the  height  of  8urrouD( 

buililiuL^s,  the  topography  of  the  country,  etc.     Stacks  shoul 

^omail  be  iifgher  than  surrovmcVm^  WMlu^e  and  hills,  pt 

bccuusc  the  gases  issuing  from  tiiem  \NO\i\0i\i^<^^^c}CvQi\v"o^^'^ 
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i2  —  6.15  =  6.85  pounds,  which  is  equal  to  the  draught  per  square 
JDot'of  chimney  area.  The  height  of  a  column  of  gas  at  the  tem- 
perature within  the  chimney  equal  to  this  difference  in  weight  is 
led  the  head  of  the  chimney,  because  it  is  this  difference  which 
uces  the  draught  or  flow  of  air,  just  as  the  difference  of  level 
head  produces  the  flow  of  water. 

Rule  j(yr  finding  the  head  of  chimneys. — Multiply  the  weight  of 
(nibic  foot  of  air  at  the  temperature  of  the  outside  air  by  the 
sight  of  the  chimney  and  divide  the  product  by  the  weight  of 
le.cubic  foot  of  air  at  the  temperature  in  the  chimney.  From 
quotient  subtract  the  height  of  the  chimney.'  The  result  will 
the  head  in  feet. 

t    Example. — If  the  temperature  of  the  air  is  32°,  that  in  the 
limney  500°,  and  the  height  of  the  chimney  150  feet,  the  weight 
a  cubic  foot  of  the  outside  air  will  be 

rp-z  =  .08  pound, 
lz.6 

hile  the  weight  of  a  cubic  foot  of  air  at  the  temperature  of  the 

imney  will  be 

.08(32  +  460)       ^.,  , 

-5OOT  460      ^  -^^^  P^^^^- 

id  hence  the  head 

.08  X  150      ^-^      1.10  /•   i. 

— r-73 150  =  143  feet. 

,  .041 

[    If  there  were  no  obstruction  to  the  passage  of  the  gases,  the 
Telocity  of  flow  of  air  would  be  equal  to  the  square  root  of  the 
product  of  the  head  and  the  constant  number  64.4.     However,  the 
low  is  greatly  impeded  by  the  resistance  opposed  by  the  grate  and 
the  fuel,  and  by  the  friction  of  the  sides  of  flues,  tubes,  and  the 
walls  of  the  chimney.     Hence,  the  actual  flow  is  very  much  less 
flian  this ;  how  much  less,  depends  upon  the  kind  of  grate  and 
Ibel,  the  thickness  of  fire,  the  condition  of  the  flue  walls,  etc.     It 
IB  evident,  therefore,  that  any  rules  which  may  be  \avd  (io^w^ox 
esiUcvlating  the  size  of  chimneys  will  be  largely  tVie  Te^V3\\*^  o^ 
"sxperience. 
20 
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[8  or  9  inches)  for  a  distance  of  25  feet.  If  the  height  exceeds 
160  feet,  it  should  be  a  brick  and  a  half,  and  it  should  increase  in 

ickness  one-half  brick  for  each  length  of  25  feet  to  the  bottom, 
arched  opening  at  the  bottom  should  be  provided  to  permit 

access  for  cleaning  and  repairs,  as  well  as  a  ladder  either  inside 
r  outside  to  permit  of  access  at  the  top. 

Iron  stacks  are  preferable  in  some  cases  to  brick,  because  they 
much  cheaper,  and,  besides,  their  efficiency  is  somewhat  higher. 

urthermore,  they  are  better  able  to  withstand  changes  in 
peratu re,  which  often  cause  brick  chimneys  to,  crack.  Iron 
ks  are  frequently  built  with  firebrick  linings.     They  should  be 

mly  bolted  down  to  a  substantial  brick  foundation,  and  if  not 

fficiently  heavy  to  withstand  the  pressure  of  the  wind,  they 

ould  be  additionally  stayed  by  guys  to  surrounding  objects. 

ey  should  be  well  painted,  preferably  with  red  lead,  to  prevent 

sting,  and  should  be  provided  with  a  ladder  to  permit  of  access 
any  part  of  the  stack.  The  opening  at  the  bottom  is  usually 
ced  in  the  brick  supporting-base,  arched  and  provided  with  an 

n  door.  The  cut  on  page  308  shows  an  iron  stack  170  feet  high 
fined  with  firebrick. 


QUESTIONS. 

What  is  the  ftinction  of  a  safety  valve  ?    How  does  it  act  ? 

What  relation  exists  between  the  lift  of  a  safety  valve  and  the 
pressure  ?     Explain  the  reason. 

Name  and  describe  the  three  principal  kinds  of  safety  valves,* 
and  explain  the  use  of  each. 

Why  is  a  lever  safety  valve  with  a  weight  at  the  end  not  fit  for 
use  on  locomotive  or  marine  boilers  ? 

Describe  the  Lock-up  Pop  safety  valve. 

If  the  area  of  a  lever  safety  valve  is  one  square  inch,  the  dis- 
tance of  the  valve  from  the  fulcrum  2  inches,  the  weight  of  the 
lever  2  povnds,  and  the  distance  of  its  centre  of  gravity  ixoYCv  \\\^ 
fulcrum  5 inches,  the  weight  of  the  valve  and  stem  \  ^o\3iXi^>  ^^ 
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the  total  length  of  the  lever  15  inches,  what  weight  miut 
placed  on  the  end  of  the  lever  if  it  is  to  blow  off  at  100 
per  square  inch  ? 

If  the  dimensions  of  the  safety  valve  are  as  specified  in 
previous  example,  and  the  weight  is  12  pounds,  at  what 
will  the  boiler  blow  off? 

If  the  dimensions  are  again  the  same,  and  the  weight  u 
pounds,  at  what  distance  should  it  be  placed  from  the  fulcniBiy 
the  boiler  is  to  blow  off  at  80  pounds  per  square  inch  ? 

At  what  distance  from  the  fiilcrum  is  the  centre  of  gravity 
a  taper  lever  12  inches  long,  the  large  end  being  3  inches 
the  small  end  1  inch  wide  ? 

Give  the  rules  for  areas  of  safety  valves. 

Describe  the  safety  water  column.     What  are  its  advantages! 

Describe  the  Bourdon  pressure  gauge.     What  is  the  prii 
on  which  its  action  depends?  \ 

What  is  the  object  of  the  Econometer  ?   What  percentage  of  in 
is  wasted  when  the  flue  gases  contain  10  per  cent,  of  carbonic  acUl 

Wlitit  are  the  causes  which  produce  an  excessive  supply  of  all 
in  boiler  furnaces? 

How  liigh  will  an  ordinary  piynp,  in  good  condition,  lift  watai 
or  other  liquids? 

What  condition  limits  the  action  of  all  atmospheric  pumps? 

Give  the  rule  for  finding  the  size  of  pump-plunger  and  strofa 
for  an  engine  of  any  given  power. 

Give  the  rule  for  finding  the  quantity  of  water  or  other  liquid 
that  any  pump  will  lift  or  discharge  in  any  given  time. 

Give  the  most  probable  causes  why  pumps  fiiil  to  work  satisfte 
torily.  • 

How  is  the  theoretical  power  necessary  to  raise  a  given  qnanti^ 
of  water  computed  ? 

What  are  the  principal  losses  of  power  incident  to  pumpini 
water  ? 

What  are  the  three  prmc\\itv\  V\\i^^  Oi^  ^vvnr^  xsaftd  for  feedinj 

BTs?     Which  type  is  most  visciV'l     ^^a.^'l 
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Pflfame  the  three  principal  types  of  steam  pumps.     In  what 

Witial  points  do  they  differ  ? 

'  Describe  the  duplex  pump.     What  are  its  3i,d vantages  over 

Irect-acting  pumps? 

^What  precautions  must  be  taken  when  pumping  hot  water?  • 

What  is  an  injector  ?  Explain  why  it  is  possible  by  its  use  to 
kce  water  into  the  boiler  against  a  pressure  equal  to  or  greater 
bn  that  which  operates  it. 

What  are  the  parts  of  which  an  injector  is  composed  ?  Explain 
b  Unction  of  eack 

'What  are  the  principal  causes  of  failure  in  the  working  of 
ijectors? 

What  is  meant  by  the  term  "  breaking  "  as  applied  to  injectors  ? 

What  are  the  principal  kinds  of  injectors  ?  Explain  their  dif- 
trences. 

What  is  the  difference  between  lifting  and  non-lifting  injectors? 
'  What  precautions  should  be  observed  in  the  first  installation  of 
ijectors  ? 

What  is  an  ejector?     How  does  it  differ  from  an  injector? 

Which  is  more  economical,  a  pump  or  an  injector?  What  are 
be  advantages  and  disadvantages  of  each  as  appliances  for  feed- 
ig  boilers  ? 

Explain  why  the  feed  water  -should  always  be  heated  before  it 
Baches  the  boiler. 

What  would  be  the  difference  in  the  amount  of  heat  required 
)  evaporate  1000  pounds  of  water  per  hour  from  60°  and  from 
10°  F.  ? 

What  methods  are  ordinarily  employed  for  heating  feed  water  ? 

Explain  the  difference  between  open  and  closed  feed-water 
eaters.  What  are  the  advantages  and  disadvantages  of  the 
ro  types  ? 

What  are  the  important  points  to  be  observed  in  selecting  a 
osed  feed-water  heater  ? 

What  Is  an  economizer?     Why  is  it  not  erapVoyeA.  \x\  ^vwe^ 
am  plants? 


.     J 
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What  is  the  object  of  a  steam  separator  ?     What  are  the  inH 

portant  points  which  should  be  observed  in  its  design  ?  ; 

t  Explain  why  traps  are  essential  in  all  steam   plants.    Wbd 

should  an  efficient  steam  trap  accomplish  ?  | 

What  is  meant  by  a  by-pass  ?  Make  a  sketch  showing  how  m 
feed-water  heater  would  be  piped  with  a  by-paas  for  both  eb&ui 
and  water. 

In  what  respect  does  a  cylinder,  subjected  to  pressure  taxt 
without,  differ  from  one  where  the  pressure  acts  from  within? 

What  do  the  experiments  of  Fairbairn  prove  in  regard  to  thi| 
strength  of  boiler  flues  ? 

Describe  the  different  methods  which  are  employed  to  strengtheil 
boiler  flues. 

What  pressure  would  cause  a  boiler  flue  3  feet  in  diameter,  90 
feet  long,  and  }  inch  thick,  to  collapse  if  it  were  strengthened  with, 
a  tee  in  the  middle? 

How  are  the  furnaces  of  internally  fired  boilers  usually  made? 
Make  a  sketch  showing  how  they  are  supported. 

What  determines  the  shape  of  grate  bars  and  the  width  of 
spaces  between  them  ? 

Why  are  grate  bars  often  set  at  an  angle  instead  of  horizontal? 

In  what  respect  does  a  grate  intended  to  burn  bituminous  coal 
differ  from  one  intended  for  fine  anthracite? 

Explain  the  object  of  using  shaking  grates. 

W^haL  are  the  advantages  to  be  derived  from  the  use  of  me- 
chanical stokers? 

What  are  the  advantages  to  be  derived  from  using  coal  dust  as 
fuel? 

What  are  the  advantages  to  be  derived  from  using  oil  as  fuel? 

Explain  the  causes  which  produce  draught. 

What  is  the  best  sliapo  to  give  a  chimney  ? 

Wliat  are  tlie  causes  which  interfere  with  the  satisfactory  action 
of  chiinnevs? 

Explain  the  theory  whic\\  uwdetW^  \\\^  ^xQ^Qre\\RraM\^  of  chim- 
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I     What  is  meant  by  the  term  head  as  applied  to  chimneys? 
If  the  height  of  a  chimney  is  125  feet,  the  temperature  of  the 
in  it  600^,  and  that  of  the  surrounding  atmosphere  60^,  what 
luld  be  the  head  of  the  chimney  ? 
Why  is  the  draught  of  a  chimney  not  equal  to  that  which  the 

is  capable  of  producing? 
Why  is  the  effective  area  of  a  chimney  less  than  the  actual 

? 
Calculate  the  effective  area  of  a  stack  designed  for  500  horse- 
er,  the  height  being  150  feet 
Explain  how  to  go  about  designing  a  chimney  for  a  given  horse- 
er,  taking  into  account  the  surrounding  conditions. 
What  shapes  are  given  to  chimneys  of  brick  ?    What  determine 

? 
Give  the  rules  for  determining  the  outside  dimensions  of  brick 
iks  at  different  heights. 

In  what  respects  are  iron  stacks  preferable  to  brick  ? 
What  are  the  principal  points  to  be  observed  about  iron  stacks  ? 


FJ^sn:  "V". 

THE  STEAM  ENGINE. 


CHAPTER  XVI. 
GENERAL. 

The  steam  engine  may  be  defined  as  an  apparatus  capable 
doin^  work  by  lueaus  of  heat  applied  to  water.     It  would  be  quit 
lH)Si«ible  to  (K'ribrm  all  that  it  implied  in  this  definition  in 
siuglo  appirutus;  for  example,  if  we  take  a  hollow  cjlinc 
ola^od  at  the  bottom  and  open  at  the  top,  and  fill  it  to  a  hei| 
of  a  few  inchtv!i  with  water,  upon  which  rests  a  flat  plate  fittii 
jHTtVotly  into  tho  interior  of  the  cylinder,  and  apply  heat  to 
water,  tlu>  followiuij  action  will  take  place:  After  a  few  minut 
tho  water  will  Ivgin  to  boil,  giving  off  steam,  which  will  accural 
luto  iH'lwtvn   the  surfaiv  of  the  water  and  the  disc  or  pisU 
which  latter  will  Iv  raisiH.1  to  make  room  for  the  steam.    As 
iHUttinue  to  apply  boat  niort'*  steam  will  be  formed  and  the  pis 
will  Ih^  rai5H\l  higher.     If  we  place  a  weight  on  the  piston,  tl 
will  Ih*  nuj«e\l  with  it,  ami  we  have  thus  performed  work  in  liftii 
tho  weight  agtiinst  the  torvv  of  gravity.     Hence,  according  to 
dettnitu'i).  the  sintple  ai»t>anitii<  vlesoribeil  is  a  steam  engine. 

Such  an  arrangement  wv>u!d  be  of  little  value,  however, 
aetual  pnu-iivv,  iiUhvuiirh  with  a  few  slight  modifications  it 
ismK*f«  a  vevv  usvuil  aiul  ra'*i'»:ar  i.l-.viei? — a  steam  hammer,  whM 
iii  (ho  ?iiiuple<s(  hKu\  v«t*  a  sr^'a?::  eiv^iiie  used  at  the  present  til 
Tlo*!  howevvi.  ean  Iv  i:<v\i  :V-  -.rrly  one  kind  of  work,  namely,! 
U^hUhv  f^vs'tiswvw  iivA  't    i^  v.'^x.  -5i  >T:^e;im  engine  in  the  aenie 
\k^  thp  Wkhx   w  i^vucrW^N   U:**:^^.    "Wife  Nktddl  ^ftfiwc^  ^9NCpi^< 
114 


feiierally  used,  meaoB  an  upparatoft  which  delivers  driving  power 
from  steam. 

The  invention  of  the  steam  engine  haa  been  accredited  to  the 
uciente,  to  Hero  of  Alexandria,  who  lived  about  150  b.  a,  to 
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the  Marqnis  of  Worcester  in  1650  A.  d.,  and  various  others; 
bat  there  ia  no  doubt  whatever  that  the  subject  was  riot  conaid- 
^d  of  any  impedance  until  the  remarkable  diecoverieB  and 
iaventiona  of  James  Watt  from  1765  to  1790,  who  left  to  us  the 
■team  engine  in  atmoat  the  same  form,  in  all  of  its  t'ssential  feat- 
Bfes,  as  it  exists  at  the  present  day.  James  Watt  invented  the 
Kparate  coudenaer  and  air  pump,  the  steam  jacket,  the  doUiW*,- 
>cting  engine,  the  oscillating  cylinder  engine,  l\v&  WW  ^tt-^ftrtva 
»Bd  throttle,  and  the  steam  eiigiue  indicator,  besides  ma,-Q^  o^  "^ 
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T  essential  parts  of  the  steam  engine.  The  later  developments 
3  to  Seguin,  Ericsson,  Stephenson,  Fulton,  and  many  others. 
low  constructed,  the  steam  engine  proper  has  nothing  to  do 
he  generation  of  steam.  This  part  of  the  operation  is  per- 
l  in  the  boiler,  which  has  already  been  fully  described, 
;  therefore  remains  for  the  steam  engine  to  utilize  the 
as  delivered  from  the  boiler  and  transform  the  energy 
is  stored  in  it  into  useful  work.  The  method  by  which  this 
omplished  can   best  be  illustrated  by  a  description  of  a 

form  of  steam  engine.  The  sectional  and  perspective  ele- 
3  of  a  vertical  steam  engine,  on  pp.  315, 316,  show  all  of  the 
al  parts  of  a  modern  steam  engine.  These  comprise : 
he  steam  qflinder,  a  hollow  cylinder  of  cast  iron,  with  ports 
side  for  the  admission  and  release  of  the  steam. 
he  cylinder  heada  or  covers,  flat  circular  discs  bolted  to  the 
f  the  steam  cylinder  by  means  of  flanges  provided  for  that 
«.     In  this  particular  engine  the  lower  cylinder  head  is 

one  piece  with  the  engine  frame.     This  is  frequently  con- 
t,  though  not  necessary. 

\e  piston^  a  circular  disc,  fitting  tightly  into  the  cylinder, 
er  to  prevent  leakage  around  the  piston  it  is  usually  fitted 
ist-iron  piston  rings,  as  shown  in  the  sectional  cut.  These 
ide  of  slightly  larger  diameter  than  tlie  piston  and  act  as 
I  against  the  interior  of  the  cylinder. 
he  pidonrTody  a  wrought-iron  or  steel  rod,  fastened  rigidly  at 
1  to  the  piston  and  at  the  other  to 

le  eroBB-head,  which  is  an  intermediate  part  necessary  for 
insformation  of  the  reciprocating  into  rotary  motion.  As 
T  stated,  the  cross-head  takes  the  piston  rod  at  one  end  while 
3ther  it  has  a  wrought-iron  or  steel  pin,  called  tha  wrist-pin 
\'head  pin. 

e  connecting  rod,  a  wrought-iron  or  steel  rod  which  has  a 
f  at  one  end  on  the  wrist-pin  and  at  the  other  on  the  crctwfc- 
rhe  comneciiag  rod  ia  that  portion  of  the  ei\^\we  \s\vvOiv 
be  tnaaArmation  from  reciprocating  into  xolarv  iuoXaow, 
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&,  the  crank,  a  lever  or  link  which  traiumits  .the  mofcu 
the  end  of  the  connecting  rod  to 

Hy  the  crank  shaft,  a  revolving  iron  or  steel  axle,  iioi 
the  power  of  the  engine  is  taken. 

/,  the  fly  wheel,  a  heavy  mass  of  metal,  usuallj  ca(ftt*ironj 
ing  with  the  crank  shad;  for  the  purpose  of  steadying  the 
of  the  engine  by  virtue  of  its  momentum. 

J,  (he  eccentric,  an  auxiliary  crank  for  moving  tb 
mechanism.  It  consists  of  an  eccentric  disc  keyed  to  tfa 
around  which  fits  a  brass  ring,  called  the  -eccentric  Mrof^ 
latter  is  bolted  to  a  rod,  which  thus  receives  a  recipi 
motion,  the  amount  of  which  depends  on  the  eccentricity  < 
of  the  eccentric. 

K,  the  eccentric  rod,  being  the  rod  referred  to  above,  v 
attached  to  the  -eccentric  strap.  It  is  merely  a  link  fo 
mitting  the  motion  of  the  eccentric  to 

L,  the  valve  rod,  which  is  a  rod  attached  to 

M,  the  valve.  This  is  one  of  the  most  important  parb 
engine,  and  is  made  in  many  different  ways.  In  the 
illustrated  above,  it  is  a  D-shaped  casting  sliding  on  a  pk 
face,  called  the  valve  seat  The  function  of  the  valve  is 
mit  steam  alternately  to  either  end  of  the  cylinder,  ai 
it  has  expanded  and  done  its  work  on  the  piston  to  re 
and  permit  it  to  be  exhausted.  This  is  accomplished  i« 
aid  of 

N,  the  ports.  These  are  simply  passages  through  the  ( 
wall,  which  are  uncovered  alternately  to  the  steam  which 
tained  in  the  space  around  the  valve,  and  to  the  exhaust 
communicates  with  the  space  beneath  the  valve.  The  ex 
led  away  through  the  pipe  indicated  by  the  circle  in  the  - 
passage. 

0,  the  steam  chesty  a  cast-iron  casing  which  contains  t 
-.     This  is  usually  cast  \u  one  piece  with  the  cylinde 
and  is  covered  by  a  fta\.  c^Vmm  ^•aXfc^<»5\^\'0 
V  which  is  bolted  to  \t. 
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Py  the  frame  or  houBing,  by  which  the  stationary  parts  of  the 
^^gine  are  supported.     This  is  made  to  suit  the  design  of  the 
:ine,  it  having  no  active  part  in  the  mechanism. 

Q,  the  guides.    These  are,  as  their  name  indicates,  pieoes  fast- 
to  the  frame,  intended  to  guide  the  motion  of  the  cross-head 

a  straight  line. 

Ry  stuffing  boxes,  devices  for  preventing  the  leakage  of  steam 
rhere  the  piston  and  valve  rods  emerge  respectively  from  the 

rlinder  and  steam  chest.    They  consist  of  a  small  casting  or 

as  shown,  wliich  fits  into  a  recess,  the  latter  being  filled 

some  fibrous  material   called  packing.     As  the  gland   is 

iwed  up  the  packing  spreads  and  thus  accomplishes  its  object. 

5,  the  governor.    This  is  not  shown  in  the  section,  but  will  be 

in  in  place  in  the  perspective  view.     The  object  of  the  govemojr 

to  regulate  the  sp^ed  of  the  engine,  keeping  it  constant  under 
ing  conditions  of  load  and  pressure.     This  may  be  accom- 

ihed  in  various  ways,  as  will  be  explained  below  (see  "  Govern- 

"  and  "  Descriptions  of  Various  Types,  of  Engines  ").     The 

of  governor  used  in  this  engine  is  that  known  as  the  cen- 

fugal  throttling  governor,  consisting  of  two  iron  balls  mounted 
flat  springs,  which  are  attached  at  the  top  and  bottom  to  a 
;ical  spindle,  the  springs  being  free  to  move  vertically  at  the 
-om.  The  balls  and  springs  rotate  with  the  spindle,  which 
lives  its  motion  from  the  engine  shaft  by  means  of  a  belt  and 
leys.     As  the  speed  of  the  engine  increases  the  balls  have  a 

idency  to  move  away  from  the  spindle  by  virtue  of  their  cen- 
igal  force,  and  in  so  doing  the  bottom  of  the  springs  moves 

ward.     This  motion  is  transmitted  to  the  throttle  valve  of  the 

igine  in  such  a  way  as  to  close  it  partially  when  the  speed 
•eases,  and  vice  versa.  In  this  way  the  speed  of  the  engine  is 
[ulated  automatically. 

Ty  the  journals  or  bearings,  which  include  all  that  portion  of 
engine  frame,  together  with  the  caps,  lining,  etc.,  pioVi^^^  ^«t 

Umg  the  shaft  In  position.     The  bearings  are  visww\\>j  pvoVx^e^ 

'  brasdorsoft  metal  linings,  to  give  a  smool\i  \>eax\w^^^^  ^^' 
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shaft.     The  caps  are  bolted  down  as  shown  and  provided 
means  of  taking  up  the  wear. 

These  are  the  essential  parts  of  a  steam  engine,  but  tb 
various  devices   such  as  keys,  gibs,  lubricators,  throttle 
tagging,  etc.,  used  in  connection  with  it.     These  are  her 
ted,  because  they  are  merely  details  in  the  construction 
engine. 

Power  of  Steam  Engines. 

The  power  which  a  steam  engine  can  furnish  is  genen 
pressed  in  "horse-power,"  the  "nominal  horse-power" 
admitted  to  be  a  force  capable  of  raising  a  weight  of 
pounds  one  foot  high*  in  one  minute,  or  150  pounds  220  fe 
in  the  same  length  of  time.  If  an  engine  is  rated  at  2o 
power,  it  is  recognized  as  being  capable  df  raising  33,000 
one  foot  high  twenty-five  times  in  each  minute.  The  quest 
naturally  arise.  How  are  these  33,000  pounds  to  be  raised 
answer  to  which  would  be,  by  belts,  pulleys,  cog-gearing, 
paddle  wheels^  screw-propellers,  or  whatever  mechanical  arrai 
is  most  practicable  and  convenient. 

There  ape  several  terms  employed  to  express  the  powe 
gines,  such  as  the  "  nominal,"  "  indicated,"  "  actual  or  net 
namo-metrical,"  and  "  commercial "  horse-power.  The  if 
horse-power  is  obtained  by  multiplying  together  the  mean  c 
preasare  in  the  cylinder  as  shown  by  the  diagram,  the  arei 
piaton  in  square  inches,  and  the  speed  in  feet  per  minu 
dividing  the  product  by  33,000.  The  actual  or  net  hon 
the  total  available  power,  and  is  equal  to  the  indicatec 
?  leas  the  amount  necessary  to  overcome  the  frictioi 
or  brake  horse-power  is  the  horse-power 
measured  at  the  driving  pulley  by  means  of  i 
ske,  and  is  equal  to  the  net  horse-power.  WI 
ia  used  in  reference  to  steam  eoj 
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e  indicated  horse-power.    The  method  of  ascertaining 

blI    horse-power  will  be  explained  uuder  "  The  Steam 

ndicator." 

orse- power  of  a  steam  engine  is  determined  by  four 

i2L : 

mean  effective  or  average- pressure,* 

length  of  stroke, 

diameter  of  cylinder, 

number  of  revolutions  of  crank. 

i  the  horse-power  of  any  engine : 

—Multiply  the  mean  effective  pressure  *  on  the  piston  in 

►er  square  inch  by  the  area  of  the  piston  in  square  inches ; 

this  product  by  twice  the  product  of  the  length  of  the 

feet  and  the  number  of  revolutions  per  minute ;  divide 

product  by  33,000,  and  the  (quotient  will  be  the  horse- 

the  engine. 

}le. — What  is  the  hotfse-power  of  an  engine  under  the 

;  conditions: 

Mean  effective  presaure,  40  lbs.  per  sq.  in. 

Diameter  of  cylinder,  18". 

Stroke,  24". 

Speed,  200  revolutions  per  minute, 
'ea  of  the  piston  is : 

.7854  X 18  X 18  «=  254  square  inches, 
le  stroke  in  feet,        f|  =  2  feet, 
«  the  horse-power  by  the  above  rule  is : 

40x254x2x2x200    ^,^  , 
oo  A/^/x =  246  horse-power. 

d  the  diameter  of  a  steam  cylinder  to  develop  a  given 

wer  under  a  given  mean  effective  pressure  and  at  a  given 

•eed: 

—Multiply  the   horse-power  by  33,000  and  divide  tliis 

by  the  product  of  the  piston  speed  in  feet  per  mmwV.^,  XJcve^ 

*8eemew  effi^tiye  pr^ure,  psLg^  327  and  tab\ett. 
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mean  effective  or  average  pressure,  and  the  decimal  .7864. 
square  root  of  the  quotient  will  be  the  required  diameter  a 
cylinder. 

Example. — What  diameter  of  cylinder  would  be  required : 
engine  which  is  to  deliver  90  horse-power  under  a  mean  eflc 
pressure  of  40  pounds  per  square  inch  and  a  piston  speed  oi 
feet  per  minute  ? 

/     90x33000  /2970000       .tsq     .q  •     i. 

\40  X  560 X  .7854  =  \ "17593"  "  ^^^  '  ^^  "^^^^ 
if  the  length  of  stroke  is  12  inches,  how  many  revolutioi 
minute  should  the  engine  make?  The  piston  speed  being 
feet  per  minute  and  the  length  of  stroke  12  inches  or  1  foo 
number  of  strokes  per  minute  will  be  560  -«- 1  =»  560,  and  '. 
the  number  of  revolutions,  which  is  one-half  the  number  of  sti 
will  be  280. 

These  and  other  rules  concerning  the  horse-power  of  ei 
can  all  be  expressed  by  a  few  simple  formulss  as  follows : 
Let    A  =  area  of  piston  in  square  inches. 
D  =  diameter       "        inches. 
L  =  length  of  stroke  in  feet. 
S  =  piston  speed  in  feet  per.  minute. 
N  =  number  of  strokes  per  minute. 
jR  =  "  revolutions  per  minute. 

P  =  mean  effective  or  average  pressure  in  pounds  per  e 
inch. 
HP  =  horse-power. 

PLAN    PSA     PLAR    PLD^R 


HP== 


33000  33000  16500   21010 

A~      rssoooErp    _^   iiyp 


n-    /^  /33Q0Qi/P  I 

^     \.7854     \,7S^4PLN  \PLR 

S-NL  =  2RL 

For  condensing  engines  the  same  rules  and  formulae  a 

+hat  case  the  mean  effective  pressure  must  be  increas< 

t  corresponding  to  t\ie  de^re^  o^  N^dsv^xvcsv,    "^vvt  ^^w 

ne  rum  condensing  undex  ^^  ^xtdl^  YmXhs^  ^^ 
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itrolf,  and  26  inches  of  vacuum,  the  mean  cfTectivc  pressure  is 
+13=54.97  pounds,  which  value  used  in  the  above  formulae 
id  give  the  horse-power. 

ipfe. — What  diameter  of  cylinder  would  be  required  for  a 
horse-power  condensing  engine,  running  at  200  revolutions 
minute,  with  an  initial  pressure  of  80  pounds  per  square  inch 
i  cut-off,  the  stroke  being  24  inches  and  the  vacuum  24 
Mies? 
\  The  piston  speed  is 

2X200X24     aAA«   , 

— — =  800  feet  per  nnnute. 

le  mean  effective  pressure  is 

24 
41.97  +  "o  =  ^3-97  pounds. 

ice  the  dianreter  of  cylinder  required  would  be 

/"""20o"x"33;oo(r~       ,-,.^    ,,.  . 

V  800  X  63:97  X  .7854  ^"  ^^^^''  -'  ^^  '""'^'"'^ 

TABLE 

rSTDICATISD   HOBSS-fOWEB  OF  SINGLE  CYLIXDE!:  KNCJINFa  AT  DIFFER- 
ENT SPEEDS   AND   PRESSURES.* 

'he  following  table  is  calculated  for  }  cut-off.     For  any  other 

look  up  the  corresponding  mean  effective  pres^sure  ;  divide 

by  the  mean  effective  pressure  for  }  cut-off,  tind  inulti])ly  the 

tient  by  the  value  of  the  horse-power  in  the,  tji])lo.     Thus  a 

!12  engine  at  300  revolutions,  80  pounds  ppossiii'(»,  and  i  cut-off 

lid  develop  67.12   horse-power,  while  at  3  cut-off  and  same 

I,  its  horse-power  would  be : 

67.12  X  T—Trr  -—  76.01  horse-])ower. 

41. y  7 

lie  values  of  the  mean  effective  pressure  used   in  this  table  are  rvot 
,  bat  thej  are  wiBcieot]/  so  for  all  practical  purposes,    "^^v^  V\)\A^  ^v 
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00 
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17.13 
13.9S 

19.27 

21.20 
22.48 

21,41 
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24,S8 

HI 
')0 
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24.90 
2».00 

24..50 

28.05 
31.50 

27.20 
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35.00 

HI 
») 
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27.20 

26.23 
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29.15 
32.07 
34.01 

m 
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36.50 

32.00 
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41.10 
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40,60 
45,70 
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30.46 
33..Vt 
35.53 

34.27 

37.69 
39,88 

3S,0S 
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44.42 

W 

»4-30 
37.75 

40.10 

38.75 

41.. 50 
45.00 

4S,00 
47.20 
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o 

42.9S               48.32        1        53.69 
4:.4>                53.16         1        59.06 
W.IS               56.38         1        62.64 

■:;: 

3S.52                43.34         1        48.19 
4:5.15                48.20         !        53,97 
W.24               51.44                 57.M 

;■ 
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-.2.«l                .59.00                 65.50 
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IDICATBD    H0K8E-P0WEB    OF  SINGLE    CYLINDER  ENGItJES  AT  DIF- 

FEBENT  SPEEDS  AND  PRESSURES. 

Cntting  off  Steam  i  Stroke,  40,  45,  and  50  Pounds  Mean  Effective. 


Size  of  Engine. 

Reyolutlons 

per 

Minute. 

Initial  Steam  Pressure. 

80 

90 

100 

12x12 

250 
280 
300 

68.52 
76.75 
82.24 

77.08 
86.34 
92.52 

85.65 

95.94 

102.80 

13x12 

260 
280 
300 

80.44 
90.09 
96.53 

90.50 
101.36 
108.60 

100.55 
112.62 
120.66 

14x12 

250 
280 
300 

93.29 
104.48 
111.94 

104.95 
117.54 
125.94 

116.61 
130.60 
139.93 

15x14 

245 
265 
275 

122.44 
132.44 
137.50 

137.75 
149.00 
155.00 

153.06 
165.55 
171.50 

16x14 

245 

265 
275 

.    139.50 
151.00 
156.00 

156.30 
169.50 
176.50 

174.20 
187.50 
195.00 

15x16 

200 
230 
240 

114.24 
131.16 
137.08 

128.52 
147.55 
154.21 

142.80 
163.95 
171.35 

16x16 

200 
230 
240 

130.00 
148.24 
155.96 

146.25 
166.77 
175.45 

165.50 
185.30 
194.95 

17x16 

200 
230 
240 

136.75 
167.50 
176.00 

165.50 

188.00 
198.00 

183.25  . 

209.00 

220.00 

18x16 

200 
230 
240 

164.40 
189.13 
197.35 

185.01 
212.77 
222.02 

205.57 
2.36.41 
246.69 

19x18 

200 
210 
220 

206.18 
216.51 
226.82 

231.95 
243.57 
255.17 

257.72 
270.64 
283.53      . 

20x18 

200 
210 
220 

228.43 

239.90 
251.30 

• 

256.99 
269.89 

282.74 

285.54 
299.88 
314.16 

22x18         1 

200 
210 
220        1 

267.00 
290.00 
304.50 

3U.00 
1       2>^l,h^ 

S2K 
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m  EfTeotive  Pressure. — After  cut-off  the  steam,  which  pre- 
Y  had  a  pressure  equal  to  that  of  the  boiler,  expands,  forcing 
)ton  to  the  other  end  of  the  cylinder.  In  proportion  to  its 
se  in  volume  the  steam  loses  in  pressure  and  the  product  of 
re  at  any  time  by  volume  at  that  time  is  very  nearly  a  con- 
|[uantity  (whence  it  is  said  to  follow  the  hyperbolic  law,  from 
3t  that  the  product  of  the  ordinates  of  a  hyperbola  are  con- 
Knowing  the  initial  pressure  and  the  relative  volumes 
beginning  and  end  of  expansion,  we  can  compute  the  press- 
;  any  point  of  stroke  or  the  average  pressure  exerted  over 
lole  stroke. 

e  for  finding  the  mean  or  average  pressure  in  the  cylinder 
engine,  assuming  expansion  according  to  the  hyperbolic  law. 
ide  the  length  of  the  stroke  in  inches  (including  the  clear- 
by  the  distance  that  the  steam  follows  the  piston  before 
cut  off;  the  quotient  will  be  the  expansion  the  steam  under- 
Then  find  in  the  expansion  column,  in  the  following  table, 
mber  corresponding  to  it ;  take  the  multiplier  opposite,  and 
»ly  the  full  pressure  of  the  steam  per  square  inch,  as  it  enters 
linder,  by  it.  The  product  will  be  the  average  pressure. 
mple. — Suppose  the  initial  pressure  be  70  lbs.  per  sq.  inch 
it-off  at  half-stroke,  the  stroke  being  3  ft. 

Then  3  ft.  =  36  in.  +  0*5  for  clearance  =  36*5. 
Stroke  i  =  18  in.  +  05  "  =  18-5. 

36*5 -r- 18*5  =  1*97,  the  relative  expansion  between  1*9 
.  By  referring  to  the  table,  the  multiplier  for  1*9  will  be 
to  be  0*864,  and  the  difference  between  that  and  the  multi- 
'or  2  is  0*017.  Hence,  by  multiplying  0-017  by  '7,  and  sub- 
ig  the  product  *012,  the  remainder,  0*85281,  is  the  multi- 
for  1*97.  Therefore,  0*85281  X  70  =  ^0*697  lbs.  per  sq. 
the  mean  forward  pressure  on  the  piston.  Ordinarily  the 
works  against  a  back  pressure  which  lessens  the  value  of 
sultant  force  acting  on  the  piston  at  any  moment.  Hence^ 
.  the  mean  effective  pressure  (written  M.  E.  P.\  de^LXX^X*  \Jftfe 
-e  back  pressure  from  the  average  forward  preasvvt^. 
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TABLE 

OP  MULTIPLIERS  BY  WHICH  TO  FIND  THE  MEAN  PRESSUBE  OP  STEAK 

VARIOUS  POINTS  OP  CUT-OPP. 


Expansion. 

Multiplier. 

Expansion. 

Multiplier. 

Expansioii. 

MaltipUa 

1-0 

1*000 

3^4 

•654 

5-8 

•479 

11 

•995 

35 

•644 

59 

•474 

1-2 

•985 

3^6 

•634 

6- 

•470 

1-3 

•971 

3-7 

•624 

6-1      - 

•466 

1-4 

•955 

3^8 

•615 

6-2 

•462 

1-5 

•987 

3-9 

•605 

6-3 

•458 

1-6 

•919 

4^ 

•597 

6^4 

•454 

1-7 

•900 

4-1 

•588 

6^5 

•450   ■ 

1-8 

•882 

4-2 

•580 

6-6 

•446 

1-9 

•864 

4^3 

•572 

6^7 

•412 

2- 

•847 

4.4 

•564 

6^8 

•438  : 

2-1 

•880 

45 

-556 

6^9 

•434  , 

2-2 

•818 

4-6 

•549 

7- 

•490 

2-8 

•797 

4.7 

•542 

71 

•427 

2-4 

•781 

4^8 - 

•535 

7-2 

•423 

2-5 

•700 

4-9 

•528 

7-3 

•420 

2-0 

•752 

6- 

•622 

74 

•417 

2-7 

•788 

51 

•516 

75 

•414 

2-8 

•725 

5-2 

•510 

7^6 

•411 

2-9 

•712 

5-3 

•504 

7.7 

•4<I8 

8- 

•700 

5-4 

•499 

7-8 

•405  1 

8-1 

•088 

5-5 

•494 

7^9  • 

•402 

8-2 

•070 

5-6 

•489 

8^ 

•399 

8-8 

•605 

5-7 

•484 

TABLE 

OF  CONSTANT  NUMBERS,  BY  WHICH  TO  ASCERTAIN   THE   AVERAGE  Fll| 
URE  OF   THE  STEAM  AGAINST  THE   PISTON   FOR   DIFFERENT   PRl 
AND   roiNTS   OF   CUT-OFF,    FROM    }   TO   J   OF  THP]   STROKE. 


Constant  NumiNK 

- 

•9188 
•9370 
•9657     : 
•9919     . 


Multiply  the  pressure  \\\  powwd?.,  ^^  ^liovru  by  the  gauge,  hjj 
comtant  number  opposite  t\\e  i^o\w\.  o^  e.>3ArQSi  vKi>^t^\tt!^.«Mi 
he  product  is  the  average  pteiaavvt^. 
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TABLE 

OF  INBICATED  HOBSE-POWEB  OF  SINGLE  CTLTNDEB  ENQINES  AT  DIFFER- 
ENT PISTON  SPEEDS. 

The  following  table  is  calculated  for  one  pound  mean  effective 
pressure.  Hence  the  horse-power  in  the  table  is  to  be  multiplied 
by  the  mean  effective  pressure  as  obtained  from  the  indicator  dia- 
gram or  from  the  table.     (See  page  328.) 


-   INDICATED    HOBSE-POWER    FOB    EACH    POUND  AVERAGE  PRESSURE 
PER  SQUARE  INCH,  WITH   DIFFERENT  DIAMETERS  AND 

SPEEDS  OF    PISTON. 


u 

SPEED  OF 

PISTON,  IN    FEET   PER    MINUTE. 

rl 

240 

300 

360 

400 

450 

500 

550 

600 

Inches. 

4 

•091 

•114 

•133 

•152 

•171 

•19 

•209 

•228 

4i 

•116 

•144 

•168 

•192 

•216 

•24 

•264 

•288 

5 

•144 

•18 

•21 

•24 

•27 

•30 

•33 

•36 

5i 

•173 

•216 

•252 

•288 

•324 

•36 

•396 

•432 

6 

•205 

•256 

•299 

-342 

•385 

•428 

-471 

-513 

6i 

•245 

•307 

•391 

•409- 

•461 

•512 

-563 

-614 

7 

•279 

•348 

•408 

•466 

-524 

•583 

-641 

•699 

7i 

•321 

•401 

•468 

•534 

•602 

•669 

•735 

-802 

8 

•365 

•466 

•532 

-608 

-685 

•761 

•837 

-912 

8i 

•413 

•516 

•602 

•688 

-774 

•86 

•946 

1-032 

9 

•462 

-577 

•674 

•770 

-866 

•963 

1-059 

1-154 

9i 

•515 

-644 

•751 

•859 

-966 

1074 

1-181 

1-288 

10 

•571 

-714 

•833 

-952 

1-071 

1-390 

1-309 

1-428 

lOJ 

•63 

•787 

•919 

1-050 

1-181 

1-313 

1-444 

1-575 

11 

•691 

•864 

1-008 

1-152 

1-296 

1-44 

1-584 

1-728 

Hi 

•754 

•943 

M 

1-257 

1-414 

1-572 

1-729 

1-886 

12 

•820 

1-025 

M95 

1-366 

1-540 

1-708 

1-880 

2-050 

13 

•964 

1-206 

vm 

1-608 

1-809 

2-01 

2-211 

2-412 

14 

J -119 

1^398 

1-631 

1-864 

2-097 

2-331 

2-564 

2-797 

15 

1-285 

r606 

r878 

2-131 

2-409 

2-677 

2-945 

3-212 

16 

1-461 

r827 

2-131 

2-436 

2-741 

3-045 

3-349 

3-654 

17 

1-643 

2^054 

2-396 

2-739 

3-081 

3-424 

3-766 

4-108 

18 

1^349 

2-312 

2-697 

3-083 

3-468 

3-854 

4-289 

4-624 

19 

2061 

2-577 

3-006 

3-436 

3-865 

4-295 

4-724 

1    5154 

\ 

20 

2-292 

2-855 

3-331 
3-672 
4-031  1 

3-807 

4-265 

4-15^ 

\    ^•'i^^ 

\  ^-n^W 

.21 

2-518 
2-764  1 

3-148 
3'4S5l 

4-197 

4-722 

5-241 

\    5-7^^ 

i\  ^*^^ 

51^  / 

4-607 

5-183 

1     5-759 

>  \     ^-^^ 

A\    ^^^ 

V 
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TABLE—  (OwUinued.) 


INDICATED    H0B8E-P0WEB    FOR    EACH    POUND  AVEBA6E  FBJ 
FEB  SQUABE  INCH,  WITH   DIFFERENT  DIAMETEBS  AND 

SPEEDS  OF  PISTON. 


ler. 

• 

i 

JPKKD  OP 

PISTON   IN   PKKT  PEB   HINUTB. 

5  5 

240 

300 

350 

400 

450 

600 

650 

Inches. 

23 

3-021 

3-776 

4-405 

5-035 

5-664 

6-294 

6-923 

24 

8-289 

4-111 

4-797 

5-482 

6-167 

6-853 

7-538 

25 

8-569 

4-461 

5-105 

5-948 

6-692 

7-436 

8-179 

26 

3-861 

4-826 

5-630 

6-435 

7-239 

8-044 

8-848 

27 

4-159 

5-199 

•6-066 

6-932 

7-799 

8-666 

9-632 

28 

4-477 

5-596 

6-529 

7-462 

8-395 

9-328 

10-261 

29 

4-805 

6-006 

7-007 

8-008 

9-009 

10-01 

11-011 

30 

5-141 

6-426 

7-497 

8-568 

9-639 

10-71 

11-781 

31 

5-486 

6865 

8-001 

9-144 

10-287 

11-43 

12-573 

32 

5-846 

7-308 

8-526 

9-744 

10-962 

12-18 

13-398 

33 

6-216 

7-770 

9-065 

10-360 

11-655 

12-959 

14-245 

34 

6-59 

8-238 

9-611 

10-984 

12-357 

13-73 

15-103 

35 

6-993 

8-742 

10-199 

11-656 

13-113 

14-57 

16-027 

36 

7-401 

9-252 

10-794 

12-336 

13-878 

15-42 

16-962 

37 

7-819 

9-774 

11-403 

13032 

14-861 

16-29 

17-919 

38 

8-246 

10-308 

12-026 

13-744 

15-462 

17-18 

18-898 

39 

8-648 

10-86 

12-67 

14-48 

16-29 

18-1 

19-91 

40 

9-139 

11-424 

13-328 

15-232 

17-136 

19-04 

20-944 

41 

9-604 

12-006 

14-007 

16-008 

18-009 

20-00 

22-011 

42 

10-065 

12-594 

14-693 

16-792 

18-901 

20-99 

23-089 

43 

10-56 

13-20 

15-4 

17-6 

19-8 

22-0 

24-2 

44 

11046 

13-818 

16-121 

18-424 

20-727 

23-03 

25-333 

45 

11-563 

14-454 

16-863 

19-272 

21-681 

24-09 

26-399 

46 

12-086 

15-128 

17-626 

20-144 

22-662 

25-18 

27-698 

4T 

12-614 

15-768 

18-396 

21024 

23-652 

26-28 

28-908 

48 

12-846 

16-446 

19-187 

21-928 

24-669 

27-41 

30-151 

49 

12-913 

17-142 

19-999 

22-856 

25-713 

28-57 

31-427 

50 

14-28 

17-85 

20-825 

28-8 

.  26-775 

29-75 

32-725 

51 

14-832 

18-54 

21-665 

24-76 

27-855 

30-95 

34-045 

52 

15-4;^7 

19-296 

22-512 

25-728 

28-944 

32-16 

35-376 

53 

16-041 

20-052 

23-394 

26-736 

30-078 

33-42 

36-762 

54 

16-656 

20-82 

24-29 

27-76 

31-23 

34-7 

38-17 

.55 

17-275 

21  -594 

25193 

28-792 

32-391 

35-99 

39-589 

56 

17-909 

22-886 

26-117 

29-848 

33-579 

37-31 

41-041 

57 

18-557 

23-196 

27-062 

80-928 

34-794 

38-66 

42-626 

/  "5*  1 

19-214 

24-018 

28-021 

32-024 

36-027 

40-03 

44-083 

/  ^^  / 

19-902 

24-852  1  28-994 
25-698  1  29-98^ 

145-662 

'    60    / 

20-558 
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Classification  of  Engines. 

im  engines  may  be  classified  in  various  ways: 

STith  regard  to  the  piston  speed,  they  may  be  divided  into 

High-speed  engines^ 

Slovhspeed  engines, 
Vom  the  method  of  disposing  of  the  steam  after  passing 
h  the  engine  cylinder,  into 

Condensing  engines, 

Non-condensing  engines. 
Lccording  to  the  number  of  cylinders  in  which  the  steam 
Is  successively,  into 

Simple  engines, 

Oompmind  engines, 

Triple  expansion  engines. 

Quadruple  expansion  engines,  etc, 
.ccording  to  the  method  of  regulating  the  speed,  into 

Throttling  engines. 

Variable  cut-off  engines:'^ 
rom  the  standpoint  of  the  kind  of  work  which  the  engine 
perform,  into 

Stationary  engines. 

Marine  engines, 

Locomotive  engines, 
ccording  to  the  action  of  the  steam  pressure  being  on  one 
the  piston  only,  or  on  both  sides,  into 

Single-acting  engines, 

Dovhle-acting  engines, 
rom  the  nature  of  the  motion  of  the  piston,  into 

Reciprocating  engines. 

Rotary  engines, 

16  speed  is  kept  constant  by  varying  the  cut-off,  this  class  of  engines 
I  aatomatic  cut-off  engines.     There  are  more  auloiiieL\A!a  coJirO^ 
ia  0010  than  anjr  other  type. 
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All  steam  engines  must  belong  to  at  least  one  of  t 
classes,  and  many  belong  to  several.  For  example,  a 
may  be  a  compound,  condensing,  high  speed,  automati 
double-acting,  stationary  engine,  and,  in  fact,  there  s 
such  in  use.  The  classification  might  have  been  carric 
erably  further  by  recognizing  differences  in  the  detail 
&tructi(5n  as  constituting  different  classes,  but  this  wouk 
too  far  and  the  classification  adopted  will  be  quite  sui 
bring  out  the  essential  points  in  which  steam  engines  d 
construction  and  method  of  operation. 

High-speed  and  Slow-speed  Engines. 

The  term  high-speed  engines,  though  sometimes 
include  only  engines  which  run  at  a  high  speed  of  rotati( 
in  reality  engines  with  high  piston  speeds.  The  ideas 
builders  in  regard  to  what  is  a  high  piston  speed  have  chai 
materially  during  the  last  quarter  of  a  century,  so  muc 
engines  which  in  1870  were  considered  as  high  speed  w 
be  classed  as  extremely  slow-speed  engines.  At  the  Inte 
Exposition  in  Vienna,  in  1873,  the  average  piston  spe 
engines  there  exhibited  was  about  350  feet  per  minute 
maximum  about  420  feet  per  minute,  while  the  sam 
exhibited  in  1888  at  the  Vienna  Industrial  Exhibitio 
whose  average  piston  speed  was  about  480  feet  per  mini 
maximum  of  nearly  700  feet  per  minute.  At  the  Int€ 
Exposition  in  Paris,  in  1889,  piston  speeds  of  780  feet 
attained,  and  at  the  Electrical  Exposition  in  Frankfurt 
tlie  maximum  was  875  feet  per  minute.  In  large  engin 
900  feet  per  minute  is  not  considered  extraordinary,  an 
even  in  small  electric  lighting  engines  of  the  type  knowi 
speed  engines,  meaning  high  rotary  speed,  that  betweer 
800  feet  per  minute  is  the  ordinary  piston  velocity. 

The  advantages  of  high-speed  over  slow-speed  eng 
be  briefly  stated  as  follows  *. 
^>»/. — For  a  given  steam  pre^awt^  ^^^^  o\Vq^\>cv^\ 
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Dgine  varies  directly  as  its  speed.     There  are  four  factors  which 
etermine  the  power  of  an  engine,  viz. : 
(a)  The  mean  effectiye  pressure  on  the  piston. 
(i)  The  length  of  the  stroke. 
(e)  The  area  of  the  piston. 
{d)  The  speed. 

In  other  words,  an  engine  of  a  given  diameter  and  length  of 
loke,  acting  under  a  given  mean  effective  pressure,  will  develop 
ower  in  proportion  to  its  speed,  and  if  the  speed  is  doubled  its 
ower  will  also  be  doubled,  and  so  to  obtain  a  given  power  under 
given  mean  effective  pressure  we  need  make  an  engine  only 
alf  as  large  if  we  double  its  speed.  Hence  we  have  as  the  first 
rgument  for  high  speeds,  economy  both  in  first  cost  and  in  space. 
Secmidly, — In  mOst  cases  where  power  is  supplied  by  a  steam 
Qgme  it  must  be  transmitted  to  other  shafting,  which  usually 
tms  at  a  much  higher  speed.  Now  whether  this  transmission  is 
y  belt,  by  toothed  wheels,  or  by  friction  gearing,  it  can  be  per- 
anned  more  eflSciently  if  the  ratio  of  the  speeds  is  not  too  great. 
n  many  cases,  where  the  power  is  transmitted  by  belting  the 
atio  of  speeds  is  too  great  to  admit  of  transmission  in  a  single 
tep,  since  the  arq  of  contact  on  the  driven  pulley  would  be  too 
niall  to  prevent  serious  slippage  of  the  belt.  In  such  cases  it  is 
»ttimon  to  use  an  intermediate  shaft,  which  performs  no  other 
loty  than  to  make  the  reduction  more  gradual,  and  thus  to  insure 
I  satisfactory  running  of  the  belt.  By  increasing  the  speed  of 
le  engine  this  is  done  away  with  in  many  cases.  In  fact,  in  the 
SJfie  of  dynamo  machines,  which,  until  recently,  were  nearly 
'Iways  driven  through  an  intermediate  or  counter  shaft,  it  is  now 
ftmmon  practice  to  couple  the  shafts  of  engine  and  dynamo 
•irect,  without  any  belting  whatever.  In  spite  of  all  that  may  be 
"^d  against  this  practice,  it  cannot  be  denied  that  it  often  saves  a 
'6iy  considerable  amount  of  valuable  space. 

Thirdly, — It  is  claimed  for  high-speed  steam  en^iwe;^  \iW\.  ^^ 
^nomy  in  the  use  of  steam  far  exceeds  that  of  l\\fe  cJVdieiT  tocTCft* 
^slow-speed  engines.     There  ia  no  doubt  a  great  Aea\  oi  \\x^^^« 
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in  this  claim,  because  one  of  the  main  losses  in  the  engine, ' 
the  cooling  of  the  cylinder  walls  and  passages  during  exhi 
aud  re-evaporation  is  greatly  reduced.  The  disadvantage 
admitting  steam  by  the  same  channels  through  which  it  exha 
is  clearly  demonstrated  in  the  increased  economy  of  the  Co 
type  of  engine,  where  this  is  not  the  case. 

As  far  as  re-evaporation  is  concerned,  it  is  of  course  obv 
that  the  cylinder  walls  are  chilled  very  considerably  during 
process,  and  the  more  steam  is  passed  through  the  engine  : 
given  space  of  time  the  less  will  be  the  re-evaporation.    H< 
the  increased  economy  of  the  high-speed  engine. 

Finally, — It  is  a  fact  that  the  uniformity  and  smoothness 
running  are  much  better  in  high-speed  engines  than  in  s 
speed  engines.  This  is  due  partly  to  the  fact  that  the  influ< 
o*'  the  fly-wheel  is.  greatly  enhanced  and  partly  to  the  stead] 
influence  of  the  reciprocating  parts.  It  is  a  well-known  fact ' 
the  steadying  action  of  a  fly-wheel  is  proportional  to  the  sqi 
of  its  speed,  which  means  that  if  one  engine  runs  twice  as  faiE 
another  of  the  same  design  and  same  weight  of  fly-wheel,  it 
run  four  times  as  steady. 

The  influence  of  the  reciprocating  parts  on  the  running  o 
engine,  in  order  to  be  thoroughly  understood,  requires  a  1 
more  consideration.  In  a  steam  engine  revolving  with  a  unif 
velocity  all  the  parts  which  move  to  and  fro — the  recipi'oca 
parts — come  to  rest  at  the  beginning  and  end  of  each  str 
The  reciprocating  parts  consist  of  the 

piston, 
piston  rod, 
cross  head,  and 
connecting  rod. 

When  the  stroke  is  reversed  they  are  gradually  set  in  mot 
"W  ^t    first,  and  faster  u\\l\\  \\v<i  ycvv<^^^  q^  >iXv^.  ^Vt^ka^ « 
re  moving  with  the  same  Ne\oc\X.^  «a  \)tv^  ^\^x^b.-^\\^. 
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uit  their  motion  is  retarded  until  the  end  of  the  stroke,  when 
ley  again  come  to  rest  and  the  same  action  is  repeated.     Now, 

I  order  to  set  a  body  in  motion  it  is  necessary  to  apply  force  to 
,  and  the  amount  of  force  depends  on  its  mass  or  weight  and  the 
elocity  of  motion.  A  body  once  set  in  motion  no  longer  requires 
tiy  force  to  keep  it  moving  uniformly ;  but  so  long  as  its  motion 

increasing,  so  long  must  force  be  applied  to  it,  the  amount  that 
lust  be  applied  being  in  proportion  to  the  rate  of  increase  of 
elocity.  The  reverse  of  this  is  also  true.  If  a  body  is  moving 
ith  a  certain  velocity  and  this  is  decreased,  the  body  exerts  a 
)rce  on  whatever  is  tending  to  stop  it,  and  here  too  the  amount 
f  force  which  it  exerts  is  in  proportion  to  the  rate  of  decrease  of 
B  velocity.  This  is  a  familiar  fact  in  mechanics,  and  is  often 
lustrated  in  text-books  by  the  case  of  a  railroad  train,  which 
equires  a  certain  force  to  get  it  up  to  speed.  Ailer  it  has 
ttained  this  it  requires  no  more  energy  to  keep  it  in  motion,  but 

II  that  is  supplied  to  it  in  the  shape  of  steam  is  used  up  in  over- 
oming  the  friction.  Just  so  it  is  with  the  reciprocating  parts.  At 
he  beginning  of  the  stroke  they  require  a  comparatively  great  force 
o  start  them  from  rest,  which  becomes  less  and  less  until  the  mid- 
He,  when  it  requires  none  at  all,  for  they  are  now  up  to  the  speed — 
hat  is,  moving  with  the  same  velocity  as  the  crank-pin.  After  this 
heir  motion  is  gradually  retarded  until  the  end  of  the  stroke, 
^hen  they  come  to  rest  completely.  Now  in  every  steam  engine 
he  pressure  is  a  maximum  at  the  beginning  of  the  stroke,  decreas- 
tJg  as  the  stroke  advances  until  the  end,  when  it  is  a  minimum ; 
»ence  it  is  evident  that  the  action  of  the  reciprocating  parts, 
^hich  is  to  absorb  or  store  a  portion  of  the  pressure  during  the 
irst  half  of  the  stroke  and  restore  it  during  the  second  half,  has 
he  effect  of  tending  to  keep  the  pressure  on  the  crank  uniform 
'uring  the  entire  stroke,  or,  in  other  words,  to  steady  the  running 
*f  the  engine. 

High- speed  engines  must  be  high-pressure  ei\^^\w^^ — \>tv^\.  Nss>, 
lie  steam  pressure  at  the  beginning  of  the  stroV.e  tcvw%\.  \>^  ^^^- 
aent  alwajrs  to  set  the  reciprocating  parts  \u  xuo\\o\i>  ^^^  ^ 
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pressure  must  never  be  reduced  by  means  of  the  throttle  va 
otherwise  the  engine  will  be  subjected  to  strains  which  will  im 
its  life.  For  the  same  reason  the  governor  should  change 
cut-off  and  not  the  steam  pressure.  The  reciprocating  p 
should  be  made  as  light  as  is  consistent  with  strength, 
hence  they  should  be  made  of  steel.  The  steam  ports  she 
be  carefully  considered  in  the  design ;  the  higher  the  speed 
larger  the  steam  passages,  otherwise  the  pressure  will  be  redu 
before  entering  the  cylinder.  The  steam  should  be  cut  off  ea 
and  there  should  be  a  moderate  amount  of  compression — ^tha 
the  exhaust  should  be  closed  before  the  end  of  the  stroke,  in  oi 
to  provide  a  cushion  for  bringing  the  reciprocating  parts  to  i 
In  other  respects  there  is  no  difference  between  high-speed  ; 
slow-speed  engines.  Their  design  is  essentially  alike,  and  coi 
quently  it  will  not  be  necessary  here  to  describe  engines  of  tl 
two  classes,  as  the  only  apparent  difference  would  be  that 
regulation  of  the  speed  or  governing  of  the  one  would  be  by  mc 
of  a  device  for  changing  the  cut-off,  and  in  the  other  by  mc 
of  a  device  for  changing  the  initial  steam  pressure.  In  ot 
respects  the  difference  between  the  two  types  is  merely  a  dil 
ence  of  degree  and  not  of  kind.  (For  descriptions  of  diffei 
kinds  of  governors,  see  page  416.) 

Non-condensing  and  Condensing  Engines. 

In  the  non -condensing  engine  the  steam,  after  acting  on 
piston,  escapes  into  the  open  air;  therefore  the  pressure  of 
outgoing  steam  must  exceed  atmospheric  pressure,  or  14.7  pou 
to  the  scjuare  inch.  Thus,  if  steam  at  45  pounds  average  pr 
ure  above  vacuum  be  admitted  to  the  piston  of  a  high-prc:^? 
engine,  it  will  exert  a  force  equal  to  its  pressure ;  but  14.7  pou 
per  square  inch  of  that  pressure  will  not  be  converted  into  w( 
as  it  will  he  lost  in  overcoming  the  pressure  of  the  atmosph 
which  way  be  illustrated  by  l\\eio\\o\<\\i^^iw«:w!c^\fe\ 
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Diameter  of  cylinder,  12  in. ;  area,  113*09  in. 
Average  steam  pressurQ  per  square  inch,  45  lbs. 
Total  steam  pressure,  5089*05  lbs. 

As  before,  area,  113*09  sq.  in. 
Atmospheric  pressure,  14*7  lbs. 

Total  atmospheric  pressure,  1662  423  lbs. 

6089*060 
Loss  due  to  atmospheric  pressure,  1 662*423 

Effective  steam  pressure  on  piston,  3426627  lbs.  . 
he  foregoing  example  shows  the  resistance  to  be  overcome  at 
stroke  of  the  piston  before  the  steam  acting  against  it  can 
luce  any  useful  effect.  Thus  it.  will  be  seen  that  the  piston 
high-pressure  steam-engine  is  exposed  to  the  action  of  two 
lures,  namely,  the  pressure  of  the  steain  from  the  boiler  on 
side,  and  that  due  to  the  atmosphere  and  the  steam  remaining 
le  cylinder  after  exhaust  takes  place  on  the  other.  The 
lure  utilized  or  converted  into  work  will  be  the  difference 
een  the  two. 

the  condensing  engine  the  steam,  after  acting  against  the 
n,  escapes  into  'a  condenser,  where  it  is  condensed  into  water 
a  vacuum  is  formed,  thus  rendering  not  only  a  considerable 
on  of  the  steam  pressure  in  the  boiler,  but  also  the  14.7 
ds  per  square  inch  required  in  the  non-condensing  engine  to 
3ome  the  pressure  of  the  air  available  as  an  effective  force 
3st  the  piston,  which  may  be  explained  as  follows : 

Diameter  of  cylinder,  12  in.;  area,  113.09  sq.  in. 

Average  steam  pressure  per  sq.  in.,  45  pounds. 

Total  steam  pressure,  5089.05  lbs. 

As  before,  area,  113.09  sq.  in. 

Pressure  in  condenser,  at  best,  2  lbs. 
Total  back  pressure,  226.18  lbs. 

5089.05 

226.18 

Effective  pressure  on  piston,  4862.87 
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The  back  pressure  in  the  condenser,  which  represents  the  d 
fercnce  between  the  indications  of  the  vacuum-gauge  and  a  p 
feet  vacuum,  must  be  deducted ;  but  as  a  perfect  vacuum  is  i 
attainable,  the  back  pressure  varies  from  2  to  5  pounds,  accoi 
ing  to  the  condition  of  the  engine  and  the  quantity  of  udoo 
doused  steam  remaining  in  the  condenser. 

Advantages  of  the  Condensing  over  the  Non-condensing  E 
gine. — When  the  resistance  of  the  atmosphere  is  removed  fromt 
piston  the  steam  may  be  cut  off  earlier  and  further  expanded 
the  cylinder.  This  reduces  the  draught  on  the  boiler  and  adm 
of  a  slower  combustion  of  the  fuel.  In  this  way  economy  is  pi 
mototl  by  condensation  of  the  exhaust  steam  and  by  the  vacuc 
fornuni  in  the  cylinder.  A  vacuum  equal  to  14  pounds  mea 
roughly  35  per  cent,  saving  in  fuel,  or  the  same  increase  in  pow( 
but  this  Siiving  undergoes  a  great  reduction  in  consequence  of  t 
oylindor  being  open  alternately  to  the  lower  temperature  in  t 
oouik^isor,  which  varies  with  the  degree  of  expansion  employ( 
boing  least  when  the  steam  follows  full  stroke,  which  is  ve 
soldoni  the  case.  The  practical  gain,  therefore,  in  the  condend 
ongino  is  fnun  20  to  30  per  cent.,  varying  with  the  conditic 
aUn'o  nunuHi«  as  shown  in  the  working  of  condensing  engin 
hox\\  stationary  and  marine.  The  economy  of  the  condensing  < 
giuo  tniglit  bo  inori'iisod.  if  advantage  could  be  taken  (as  in  1 
ortso  of  ilio  iujivlor  and  sioam-jei^  of  the  velocity  with  which  1 
oxiiiuisi  sioam  i^oapos  tVvmi  the  cylinder  to  the  condenser.  < 
ontiM-iui:  tho  oondonsor.  iho  |x»wer  due  to  its  energy  is  entirely  < 
sn*^\  v\i  bv  t!\o  ooUi  \v:uor  iirtvtiou,  or  by  being  brought  in  conti 
wwU  i\  iV i CO nu i n c  su r tii ^v*, 

1  ho  difforenoo  in  effect  ^o:\voo:i  the  condensing  and  non-cc 
tlitvr.:-.  I '.':•.  "..v*.  w.:>.  CvV.:;-..  i^ri><i;;re  of  steam  and  expansion, 
•ix  uy\\  \'r.  :i ;  i '. '  v'  .  v^  i". .:  v ". .  >i :  c  c :'  c".  '.'.^r  h  as  the  advantage  of  the  eS 
piA^luiwi  'ox  -.'I'.o  v;\s- ;•.;;: v..  v^r  '.'".o  Art^-v^unt  of  atmospheric  presBll 
ri»ni« » >  «*«  i  r . '. v' '  V  ^i .  :*V  :v :*  xV  :::  o*o-;  ra: ion  is,  that  in  the  condenfl 
"^^thw  il«o  s{o;i'.v.  ;•,  \sV  V.Axvc  ^^^^^'.v^Tme^'Vxa d^ltY  lu  thc cyUodi 
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t  in  contact  with  cooling  surfaces,  thus  producing  a  vacuum 
%»  pressure,  which  varies,  according  to  the  perfection  of  the 
lery,  from  10  to  13  lbs.  per  square  in. ;  while  in  the  non-con- 
r  engine,  the  steam,  after  having  performeid  its  4"ty,  is 
•ged  into  the  atmosphere.  Thus,  the  advantages  of  the 
Q  are  lost ;  som^  of  the  waste  heat,  however,  is  utilized  by 
;  the  exhaust  steam  through  a  heater,  for  the  purpose  of 
r  the  feed-water.  For  this  reason  small  simple  engines  are 
run  as  condensing  engines.  The  slight  gain  in  economy 
16  use  of  a  condenser  is  usually  more  than  balanced  by  the 
ed  first  cost  and  the  disadvantage  of  feeding  cold  or  impure 
»  the  boilers.  Condensers  are  frequently  added,  however, 
purpose  of  increasing  the  power  of  existing  engines.  There 
essential  difference  in  the  design  of  condensing  and  non- 
sing  engines. 

Simple  and  Multiple  Expansion  Engines. 

pie  engines  are  those  in  which  the  steam  is  used  for  per- 
^  work  only  once.  It  makes  no  difference  how  many  cyl- 
an  engine  has  or  how  many  sets  of  valve  gears,  it  is  a 
engine  so  long  as  the  steam,  after  passing  through  any  one 
cylinders,  is  not  again  used  in  the  engine.  To  this  class 
most  small  stationary  engines,  and,  with  a  few  exceptions, 
tives  and  all  engines  which  take  their  steam  directly  from 
ler,  and,  after  one  expansion,  exhaust  it  into  the  atmosphere 
a  condenser.  The  great  advantage  of  this  type  over  multiple 
ion  engines  is,  as  their  name  implies,  extreme  simplicity 
nsequently,  also,  low  first  cost.  On  the  other  hand,  they 
1  economical  as  far  as  steam  consumption  is  concerned,  and 
arge  stationary  and  marine  engines,  where  economy  in  the 
team  is  an  important  factor,  are  usually  compound,  triple 
on,  or  even  quadruple  expansion  engines.  The  reasons 
3  latter  are  superior  in  this  respect  will  presently  appear, 
18  actual  difference  in  steam  consumption  \n\\\  \>^  io\iw<i 
Steiun  Engine  Economy, " 
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Compound  engines  are  those  in  which  the  steam,  after  dc 
w6rk  in  one  cylinder  or  set  of  cylinders,  called  high-prea 
cylinders,  is  exhausted  into  another  cylinder  or  set  of  cylind 
called  low-pressure  cylinders,  where  it  is  further  expanded. 
pressures  and  diameters  of  cylinders  are  usually  so  proportic 
that  the  same  amount  of  work  is  done  in  the  high-pressure  se 
in  the  low.  There  are  many  different  ways  of  arranging  the 
inders  of  compound  engines.  When  only  one  crank  is  used 
the  pistons  are  placed  on  the  same  piston  rod  the  engine  is  ca 
a  tandem  compound  engine,  which  is  the  simplest  form,  and  sir 
engines  are  frequently  converted  into  tandem  compound  eng 
by  simply  extending  the  piston  and  valve  rods  -and  ad< 
another  cylinder  of  larger  diameter,  with*  suitable  changes  in 
valve  gear.  As  usually  constructed,  the  two  valves  of  tan 
compound  engines  are  actuated  by  the  same  valve  rod,  w 
necessitates  excessively  long  steam  passages  in  the  high-pres 
cylinder,  causing  a  considerable  waste  of  steam.  In  the 
on  the  following  page,  which  represents  a  tandem  compound  en 
as  built  by  the  Ball  Engine  Co.,  of  Erie,  Pa.,  this  is  avoi'de^ 
the  use  of  two  separate  valve  rods  operated  by  separate  eccen 
on  opposite  sides  of  the  engine. 

It  is  frequently  inconvenient  to  use  the  tandem  arrangemei 
cylinders  on  account  of  the  excessive  amount  of  space  occupie 
the  direction  of  the  centre  line  of  the  cylinder.  In  such  cases 
customary  to  place  the  cylinders  side  by  side,  with  a  seps 
crank  for  each  cylinder.  This  arrangement  is  shown  in  the 
of  the  Compound  Marine  Engine  on  pp.  342  and  343.  It  wi 
observed  that  the  cranks,  while  acting  on  the  same  shaft, 
placed  at  an  ant^le  relatively  to  each  other — in  this  case  90  deg 
Tills  arrangement  of  the  cranks,  which  is  necessary  for  ma 
en<rines,  where  there  is  no  fly-wheel  to  steady  the  motion  of 
engine,  necessitates  an  important  change  in  the  construction  o: 
cn/rine.  Jn  thi'  tandom  arran<]!;e!nent  the  steam  when  exhai 
//'om  tlie  hi(:h-])voiii^nvo.  cv^^nder  \^  \\\\vc\eA\^\ft\^  ^AtoaXXrA  to 
^ofv-prcssure  cyUndcTj  both  pistons \)e\\^^  «A.  W% evi^  o.^  VJcvKvt « 


Marine  Compouod  Engine, 


^^^■d  cut  repreauits  the  eecti  n  through  the  c>  linden!  aC«Bm-cheiitn, 

^^H^b,  pillow  blocks    etc    of  a  Compo  ind  Minne  Engine     A,  A, 

W^^  high-  and  low-preasure  cylinders ;  B,  B,  the  pistons ;  O,  O,  the 

.'I  rods;  TJ,  I),  tliB  alcam-diests ;  E,  k,  Ihe  eilianrt  cavities;  F,  F, 

-uni  gtiiiles;  R,  H,  connectiog-roda;  /,  /,  cranka;  J,  J,  crank-shaft; 

ii .  K,  pillow-blocks ;  L,  L,  foimdftlion-plale ;  i^  c,  pmaa-heads;  a,  a, 

I',  iToss-head-guides;  rf,  d,  d,  d,  ei:eelilrica.    The  steam  is  aJrailteil  from 

e  bollere  (u  the  steam -ciiert  of  tlie  high -pressure  cylinder,  from  nhidi 

B  exfiaiiBled  into  the  eecmver  .-uid  readmitted  va\a  *,\ib  \Qir-"pe*»Q.t« 

o  ilie  coudenser.  .-^^ 
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at  the  same  time.  In  the  other  arrangement  (call^  cross-coj 
pound),  however,  with  the  cranks  90  degrees  apart,  the  low-pres8i| 
piston  is  at  the  centre  of  its  stroke  when  the  exhaust  is  opened 
the  high-pressure  cylinder,  and  consequently  it  becomes  n 
to  store  this  steam  until  the  low-pressure  piston  reaches  the 
of  its  stroke.  For  this  purpose  it  is  customary  to .  employ 
receiver^  which  is  a  chamber  between  the  cylinders  of  compou! 
engines,  into  which  the  steam  from  the  high-pressure  cylinder 
capes,  and  from  which  it  is  admitted  to  the  low-pressure  cylind 
The  receiver  may  be  said  to  be  the  steam-drum  for  a  low-pressii 
cylinder ;  its  capacity  might  be  infinite,  except  for  the  weight  ai 
expense  it  would  incur.  In  the  majority  of  independent  coi 
pound,  engines  the  capacity  of  the  receiver  is  about  equal  to  th| 
of  the  low-pressure  cylinder,  though  for  engines  in  general  1 
capacity  is  regulated  by  certain  attending  circumstances.  Fj 
very  large  engines  two  low-pressure  cylinders  are  frequently  usi 
instead  of  one,  in  which  case  three  separate  cranks  placed  11 
degrees  apart  are  used,  although  different  angles  between  t( 
cranks  are  sometimes  employed. 

The  principal  object  of  compounding  engines  is  to  secul 
greater  economy  in  the  use  of  steam,  and.  it  may  be  said,  in  gei 
eral,  that  the  saving  is  from  10  to  20  per  cent.,  depending  on  ho 
far  the  steam  is  expanded,  the  saving  being  the  greater  the  highi 
the  degree  of  expansion.  Thus  in  an  engine  with  six  expansion 
the  saving  due  to  compounding  was  about  12  per  cent.,  whij 
with  eight  expansions  it  was  about  15  per  cent.  The  reason  fi| 
this  will  be  clear  when  we  stop  to  consider  why  it  is  that  coi 
pound  engines  are  more  economical  than  simple  engines.  Su 
pose  the  steam  pressure  to  be  120  pounds  per  square  inch,  ai 
suppose  it  to  be  expanded  in  the  engine  to  atmospheric  pressur 
or  about  fifteen  pounds  per  square  inch,  which  would  be  a  rat 
of  expansion  of  eight.  The  steam  when  it  enters  the  cylinder  h 
a  teni])erature  of  about  340°.  As  it  expands  the  temperatu 
gradually  falls,  until  at  almo§.\A\eT\c  ^t^^ssmx^  \\.  \%  o^wl^  212 
a   reduction    of  128°,    or    about  *^o   \)et   oeoA..     "^^\,\«^-^  "^ 
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ills  of  the  cylinder  are  also  cooled,  and  consequently  the  next 

ne  the  steam  is  admitted  it  strikes  the  cold  walls  of  the  cylinder 

d  is  partially  condensed.     This  condensation,  called  miiial  con- 

rMo/ion,  is  an  absolute  waste,  as  no  work  whatever  is  performed 

the  loss  of  heat.     The  trouble  is  partially  remedied  by  the  use 

steam  jackets,  but  even  under  the  most  favorable  circumstances 

8  enough  to  materially  impair  the  efficiency  of  the  engine.    Now 

lie  steam  is  expanded  successively  in  two  separate  cylinders,  it 

evident  that  each  cylinder  will  be  subjected  to  only  one-half  the 

nation  in  temperature,  and  hence  the  loss  by  initial  condensa- 

Q  is  also  only  about  one-half  as  great.    This  is  the  reason  why 

apound  engines  are  more  economical  than  simple  engines,  and 

\  evident  that  the  gain  is  proportional  to  the  difference  between 

temperature  of  the  live  steam  and  that  of  the  exhaust. 

esides  the  gain  in  economy,  compound  engines  have  certain 

lanical  advantages  over  simple  engines.     There  being  two 

ks  in  compound  engines  (except  tandem),  these  may  be  set 

ay  desired  angle,  and  thus  the  turning  effect  on  the  shaft 

3  more  uniform ;  besides  this  the  effect  on  the  piston  is  very 

*-i^ed.     If  the  entire  expansion  takes  place  in  a  single  cylinder, 

is  a  great  difference  between  the  initial  and  mean  pressure 

e  piston,  whereas  in  the  case  of  a  compound  engine  these  are 

more  nearly  equal.     As  the  engine  parts  have  to  be  de- 

^     to  withstand  the  maximum  pressure,  it  is  evident  that  for  * 

■*    .  I  power  these  may  be  made  lighter  in  the  compound  than 

P***«mple  engine.     A  condenser  should  be  used  whenever  pos- 

ith  compound  engines,  because  with  a  low-pressure  cylinder 

diameter  the  gain*  in  economy  is  proportionally  greater 

loss  due  to  initial  condensation  less. 

3  and  Quadruple  Expansion  Engines. — When  the  steam 

'"  used  is  very  high  the  advantat^es  which  are  offered  by 

if  two  successive  expansions  of  the  steam  in  independent 

are  to  be  had  to  an  even  greater  degree  by  expanding 

■1  successive]/  in  three  or  four  independewl   e^WwO^^^'^* 

Ines  are  called  respectively  triple  and  quadiu^^e.  ^^^«>xv- 
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sion  engines,  and  the  arguments  whioh  have  been  used  in  £sLVor  < 
compound  engines  apply  to  all  multiple  expansion  engmes.  ] 
modern  steamships  steam  pressures  of  160  pounds  and  over  a 
commonly  used,  which  means  a  difference  of  temperature,  if  co 
densing,  of  about  250°  Fahrenheit.  Such  enormous  differenG 
in  temperature  would  involve  a  very  material  loss  of  beat  even 
a  compound  engine,  and  therefore  it  has  |;>een  found  advantageo 
to  use  triple  and  quadruple  expansion.  The  most  common  9 
rangement  of  multiple  expansion  engines  is  illustrated  in  tl 
frontispiece,*  which  represents  the  type  much  used  in  the  Unitj 
States  Navy  (coast  line  battleships  Nos.  1,  2,  and  3).  Th 
engine  is  of  the  triple  expansion  type,  with  high-pressure  cyli 
ders,  34i",  intermediate  cylinder,  48",  and  low-pressure  cylindc 
75"  in  diameter,  stroke  42".  The  horse-power  is  4500,  and  there  ai 
th  ree  cranks  set  1 20  degrees  apart.  In  some  cases  there  are  but  U 
cranks,  the  high-pressure  cylinder  being  placed  over  the  internx 
diate,  the  two  working  on  one  crank,  while  the  low-pressure  cylii 
der  drives  a  separate  crank.  Various  other  arrangements  o 
cylinders  have  been  adopted,  but  that  illustrated  in  the  fronti 
piece,  where  each  operates  a  separate  crank,  is  the  most  comraoi 
because  it  gives  the  most  uniform  turning  moment  on.  the  shaft. 

Throttling  and  Automatic  Cut-off  Engines. 

An  automatic  cut-off  engine  is  any  steam  engine  in  which  tb 
distribution  of  steam  is  so  controlled  by  the  governor  as  to  c« 
off  the  steam  at  any  point  from  zero  to  three-quarters  stroke— th 
cut-off  taking  place  earlier  or  later  to  accommodate  the  varyin 
load  on  the  engine  and  the  pressure  in  the  boiler,  the  object  bein 
to  obtain  full  boiler  pressure  at  the  commencement  of  eachstrob 
and  maintain  it  to  the  point  of  cut-off,  leaving  the  balance  of  tl 
stroke  to  be  completed  by  expansion,  the  speed  of  the  engii 
bein<^  controlled  by  the  cut-off  and  not  by  throttling.     In  engitt 

ro/?j  the  Report  of  the  ClVuef  of  l\\e  Bureau  of  Steam  Engineeria 
Dgton,  D.  a,  1890. 
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of  this  clafes  there  is  no  impediment  (save  such  as  may  occur  at 
the  port  of  entrance)  to  the  free  flow  of  steam  from  the  boiler  to 
the  cylinder,  the  regulation  being  effected  not  by  diminishing  the 
pressure,  but  by  cutting  off*  in  the  cylinder  the  volume  of  steam 
necessary  for  each  particular  stroke ;  consequently,  the  only  loss 
in  pressure  between  the  boiler  and  cylinder  is  that  due  to  the 
number  of  bends  and  the  length  of  the  connecting  pipe. 

Although  all  Intelligent  engineers  are  o-greed  upon  the  superior 
economy  of  the  automatic  cut-off"  engine,  few,  excepting  those  who 
have  had  the  opportunity  of  making  a  practical  comparison,  are 
aware  of  the  great  saving  in  the  expense  of  fuel  over  that  class 
of  engines  wherein  the  point  of  cut-off*  is  invariable  relative  to 
the  stroke  of  the  piston.  It  is  well  understood,  that  the  amount 
of  work  realized,  as  compared  to  the  total  theoretical  work  due 
the  volume  of  steam  expended,  even  in  the  most  perfect  engine,  is 
a  very  small  percentage  of  the  whole  energy ;  and  it  is,  therefore, 
the  more  an  object  of  interest  to  know  precisely  what  the  differ- 
ence is  between  these  two  classes  of  engines  in  point  of  economy. 
The  conditions  which  insure  the  highest  grades  of  economy  are  a 
fiill  port  with  no  intervening  obstructions  to  impede  the  free  flow 
of  the  steam,  and  a  rapid  movement  of  the  cut-off*,  or  steam-valve, 
over  the  port ;  as  mere  increase  in  the  mean  effective  pressure,  re- 
sulting from  a  tardy  closing  of  the  port,  represents  no  gain  during 
one  stroke  of  the  piston  that  may  be  stored  up  and  expended 
during  the  succeeding  stroke  ;  hence,  any  force  upon  the  piston  in 
excess  of  that  required  to  balance  the  resistance  will  result  in  a 
diminished  economy. 

The  economy  of  non-condensing  engines  is  exactly  in  propor- 
tion as  their  average  piston  pressure  is  higher  than  the  terminal, 
providing  the  latter  does  not  fall  below  that  of  the  atmosphere ; 
the  highest  economy  being  attained  when  the  stroke  is  commenced 
with  full  boiler  pressure,  and  the  steam  quickly  and  completely 
cut  off*  at  a  point  in  the  stroke  that  allows  the  pressure  to  fall  to^ 
or  very  near,  that  of  the  atmosphere.    The  reVatvN^  fee.oY^WK^  ^i 
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automatic  cut-oif  and   throttling  engines  will  be  fdtind  under 
"  Economy  of  Steam  Engines." 

Throttling  engines  are  those  in  which,  the  flow  of  steam  from 
the  boiler  to  the  cylinder  is  regulated  either  by  a  throttle- valve,  i 
kind  of  damper  in  the  steam-pipe,  which,  as  the  speed  of  the  en- 
gine increases,  is  turned,  and  stops  off  the  supply  of  steam,  or  by 
the  steam  in  its  passage  from  the  boiler  to  the  cylinder  oozing 
through  the  passage  of  some  peculiar  type  of  governor-valva 
An  engine  controlled  by  any  such  device  is  in  a  condition  some- 
what like  that  of  a  horse  restrained  by  a  brake  applied  to  tbe 
wheels  of  a  wagon.  Such  relics  of  barbarism  are  fast  giving  plftoe 
to  the  automatic  cut-off  arrangement,  by  which  the  brakes  are 
removed  from  the  wheels,  and  the  bit  placed  in  the  horse's  moath, 
instead.  Manufacturers  of  this  class  of  engines  claim  that  thej 
give  results  equal  to  the  automatic  cut-off  engines,  which  is  un- 
true, both  as  to  economy  and  close  governing.  With  an  early  cut* 
off,  which  is  absolutely  necessary  to  good  economy,  it  is  simply  I 
impossible  to  govern  the  speed  of  throttling  engines  closely,  with 
even  a  moderate  change  in  load  and  pressure. 

In  the  best  types  of  throttling  engines,  in  consequence  of  the 
peculiar  construction  of  the  governor-valve,  and  the  tortuous  pas- 
sage through  which  the  steam  has  to  travel,  the  pressure  in  the 
cylinder  is  in  many  cases  not  more  than  one-half  of  the  boiler  press- 
ure ;  the  effect  of  which  is,  that  when  the  work  to  be  performed  is : 
varying  in  its  nature,  such  engines  increase  their  speed  when  any 
considerable  load  is  thrown  off,  and  decrease  it  when  additional 
load  is  put  on.  Now,  every  stroke  an  engine  makes  above  its 
regular  sjx'ed  is  a  waste  of  steam,  and  if  the  engine  is  large,  or 
runs  at  a  high  speed,  the  volume  of  steam,  and  consequently  of 
fuel,  wasted  will  be  enormous;  likewise  every  stroke  an  engine 
makes  below  its  ordinary  speed,  when  work  is  thrown  on,  lessens 
production.  The  loss  of  one  revolution  in  ten  diminishes  the  pro- 
ductive capacity  of  every  machine  driven  by  the  engine  10  per 
cent.;  in  ^hort,  the  loss  of  oi\e  TeNo\wVivQ\i  m  ten  diminishes  the 
productive  ea])acity  of  the  w\\o\e  ?\x.c\.ot>j  \^  ^x  ^\i\..%  h^k^^^^ 
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Xffiise  of  conducting  the  whole  business,  rent,  wages,  insurance, 
.,  continues  the  same  as  if  everything  was  in  uniform  motion, 
variation  of  one  revolution  in  ten  is  quite  common  in  throttling 
ines. 

Steam  Engine  Gut-oft. 

lost  of  the  engines  which  will  be  described  in  Chapter  XX. 
mg  to  the  automatic  cut-off  type ;  in  fact,  this  class  of  engines 
udes  most  of  the  stationary  engines  of  to-day.  Throttling 
ines  are  occasionally  used  for  small  powers  and  uniform  loads, 
iccount  of  their  simplicity.  The  vertical  engine  described  in 
beginning  of  this  chapter,  which  is  one  built  by  the  New  York 
ity  Steam  Power  Company,  is  a  good  representative  of  the 
lern  throttling  engine,  and  any  further  description  of  other 
»  would  be  simply  a  repetition. 

Stationary,  Marine,  and  LocomotiYe  Engines. 

heclassiflcation  of  steam  engines  into  stationary,  marine,  and 
motive  is  rather  an  unsatisfactory  one,  because  in  many  cases 
e  is  really  no  difference  in  the  design  of  these  engines.  ^  A 
lern  marine  or  a  locomotive  engine  could  be  used  equally  well 
many  purposes  to  which  stationary  engines  are  applied ;  in 
,  the  marine  type  of  engines  frequently  is  used  in  large  power 
its,  while  there  is  practically  no  difference  between  a  locomo- 

engine  and  a  stationary  hoisting  engine  except  in  the  mount- 

of  the  parts.     Nevertheless,  marine  and  locomotive  engines 
e  certain  characteristics  which  distinguish  them   from   ordi- 
/  stationary  engines,  and  these  will  be  briefly  pointed  out. 
larine  Engine. — The  term  marine  engine  is  in  very  common 

but  it  has  no  definite  meaning,  as  it  may  be  either  condensing 
ion-condensing,  vertical,  horizontal,  or  inclined,  simple  or 
pound.     The  only  reason  that  can  be  assigned  for  designating 

marine  engine  is  that  it  was  designed  to  be  wse^  qxv  '&\fe^'«v- 
e.     A  marine  engine,  properly  speaking,  is  an  ew^\we  de-s^^^v^^^ 
eupjr  a  certain  space  on  a  vessel,  and  be  capable  o^  ^eNe\c>\yvw^ 
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a  certain  amount  of  power.    The  most  desirable  marine  engiiNi 
are  those  that  develop  the  greatest  amount  of  power  with  a  giyeo  j 
area  of  piston  and  steam  pressure,  and  that  occupy  the  least  space. 
The  vertical  engine  is  more  in  favor  with  marine  engineers,  as  il 
possesses  many  advantages  over  any  other  design.    This  perhapi 
arises  from  the  fact  that  it  occupies  less  floor  space ;  that  it  is 
more  compact  and  less  liable  to  spring  than  an  engine  of  any 
other  design ;  and  that  the  weight  is  against  the  lifting-force  of 
the  reciprocating  and  revolving  mechanism ;  also  that,  in  conse- 
quence of  the  housing  and  pillow? block  bearings  being  in  one 
piece,  they  are  less  liable  to  get  out  of  line  than  those  of  any  other ' 
arrangement ;  and  that  they  afibrd  better  facilities  for  a  direct  < 
connection  with  the  propeller  shaft  than  any  other.  Marine  enginei  i 
are  mostly  condensing  because  of  the  abundant  available  water  i 
supply,  and  they  are  usually  compound,  triple,  or  quadruple  ex-  j 
pansion  engines,  because  of  the  high  pressures  which  it  has  been 
found  necessary  to  employ,  and  also  because,  in  the  absence  of  a  ( 
fly-wheel,  several  cranks,  set  at  different  angles,  produce  a  more  \ 
uniform  rotation  than  a  single  crank.  \ 

The  government  of  the  speed  of  marine  engines  is  usually  | 
still  by  means  of  the  throttle-valve,  but  inasmuch   as  this  is 
rarely  called  upon  to  act,  except  in  very  rough  weather,  the  losses  I 
in  economy  are  not  very  great.     The  throttle- valves  of  marine 
engines  are  usually  very  large,  and  consequently  it  would  not  be 
feasible  to  arrange  the  governor  so  as  to  act  upon  it  directly, 
hence  steam  governors  are  generally  used,  at  least  for  the  largei 
engines.     These  consist  of  an  ordinary  centrifugal  governor,  which  | 
operates  the  slide  valve  of  a  small  steam  cylinder,  and  this  in  turn 
open?  or  closes  the  main  throttle  valve  as  the  varying  conditionf  < 
of  load  may  require. 

The  frontispiece  shows  a  modern  triple  expansion  condensing  { 

marine  engine.     This  engine,  which  has  already  been  referred  to  i 

above,  isi  one  of  a  pair  of  engines  designed  by  the  United  Statei 

Bureau  of  Stenm  Engineering  fox  evN^^V  Vvcv^  X^XX^Wlvv^a  of  9O00  \ 

tons  displacement,  cruising  at  a  ai^eedi  oi  ^^^'^  V\ift\&,  ^^\i\«. 
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nary  conditions  they  develop  4000.  horse-power  each,  and  4600 
le-power  when  forced.  The  diameters  of  the  cylinders  are 
ectively  34i,  48,  and  75  inches,  and  the  stroke  42  inches ;  the 
d  of  the  piston  is  900  feet  per  minute,  corresponding  to  129 
lutions  of  the  shaft,  and  the  steam  pressure  160  pounds  per 
re  inch.  The  slide  valves  are  of  the  piston  type^that  is,  cyl- 
ical  instead  of  flat,  there  heing  one  valve  for  the  high  press- 
two  for  the  intermediate,  and  four  for  the  low-pressure  cylin- 
This  is  necessary,  because  as  the  steam  expands  its  vol- 

increases,  requiring  greater  area  for  the  steam  passages  and 
me  for  the  steam  chests.  The  framing  of  the  engine  consists 
olumns  resting  on  cast-steel  bed-plates,  and  the  shaft,  cranks, 
,  etc.,  are  of  forged  steel.    The  condensers  for  these  engin^^ 

be  illustrated  and  described  under  that  heading,  while  a 
ription  of  the  auxiliary  boilers  will  be  found  on  page  173. 
dcomotive  engines,  as  already  stated,  differ  from  stationary 
nes  mainly  in  their  details  of  construction  and  the  method  of 
nting  the  parts.  A  locomotive  engine  consists  essentially  of 
independent  steam  engines  working  on  a  common  set  of  <lriv- 
wrheels,  by  means  of  cranks  set  90  degrees  apart,  the  number 


riving-wheels  used  depending  on  the  class  of  service.  In  the  cut, 
ch   represents   a  side-view   elevation  of  an    "eight-coupled, 
ble-ender  tank  locomotive,"  as  built  by  the  Baldwm  "Loecsx^^- 
!  Work5,  there  are  eight  driving  wheels,  foMX  ow  e^cVv  -sv^^^ 
fed  together  and  to  a  common  connectmg  loOi.    "^^^  N^N<i 
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tiiotioii  in  tluK  engine  and  in  most  American  locomotives  consialij 
of  11  ))iiir  of  eccentrics  and  a  link,  actuating  an  ordinary  flat 
vjilve  for  eaeli  engine,  the  cut-off  being  varied  by  means  of 
link.     (  Vor  description  see  Valves  and  Valve  Gears.)    Locoi 
lives  are  not  provided  with  governors,  for  various  reasons, 
Mpri'd  being   variable  and  under  constant  control  of  the  eD| 
neer.     It  may  be  varied  either  by  the  throttle  or  the  cul 
but  preferably  the  latter,  because  more  economical  in  the 
nf  steam. 

In  estimating  the  power  of  a  locomotive,  the  term  horse-poi 
iM  not  generally  used,  as  the  difference  between  a  stationary  st 
engine  and  a  loeomotive  is,  that  while  the  stationary  engine 
itH  load,  or  overoomos  any  directly  opposing  resistance  with 
I  tfeet  due  (o  it;«  eapacity  of  cylinder,  the  load  of  a  loeomotive | 
diiiwu.  and  it:«  re^^istanoe  must  be  adapted  to  the  simple  adhi 
of  I  ho  ougiuo,  whioh  is  the  measure  of  friction  between  the 
.»t  I  ho  dnviiig-whivls  and  the  surface  of  the  rails. 

1  ho  po\%er  of  the  locomoMve  is  estimated  in  the  moving 
lit  tho  \\\:u\  s^{  :ho  :irvs.     I:  is  called  the  tractive  force,  and 
otpi\\al%r.i  io  '.'.o  '.vV»vi  :.ht  ".vxvmoiive  could  raise  out  of  a  pit 
in.-«n<  of  :•»  ".viv  -A^.sskv.  .'YCT  :i  vu'lcv  and  attached  to  the  dni 
hu   of  ;:■.,'  .■.•.;.■.*.•.;*       r..:  .-^dht^ivc  ivwer  of  a  locomotive  is  tl 
|s'\\»-.    of  :  ■,'  *■;:•■;•   .•:r.'. -o.:    :r.:v.  :::v  wei-^ht   on   it*  drivii 


\\  .\< 


the  rails. 


'\> 


\t 


^\ 


If  \ho  ssh^fh  y  i  \vc'^:»ti\e  -'^trt  t«iivd  into  toothed 
.-.  *v  .  •.  .\  -.  .  •  :."  :  ■  :"rf  :":rw^  with  which  itswhe 
. :  ;   :  :'.  -.>:  Tarhich.  if  applieii  at  therii 
-    ••  . -.  •  -    :   ::.:-:  fr:r.:  riming.      But  if 

**  •  ^     N  v"  .     -    ..       -V.  >  •.•;.:  f'.Tr»f\i  in  turning,  a  parti 

'  *»       ^'  y       «    .     .       :>..  tr:':::Tf  >:wer  •-:' the  enj 

>         -  .:s  irivinr-whc-t-is.    He 

'.-•.•.      f.i"r.t*:Tr   r^ywtr"  mean 

•^'*  ■  '•  *    ''  .    .»     .-  i..-;.  :hi  rr:tc:5eas:ve  p-3werof 
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Single-  and  Double-acting  Engines. 

fference  between  single-  and  double-acting  steam  engines 
e  former  admit  steam  to  only  one  side  of  the  piston,  the 
ng  open  to  the  atmosphere,  while  in  the  latter  both  ends 
[inder  are  closed  and  steam  is  admitted  at  either  end  of 
[1.  Obviously,  of  two  engines,  the  one  single-  and  the 
jble-acting,  having  the  same  diameter  of  cylinder  and 
orking  under  the  same  boiler  pressure  and  at  the  same 
3  double-acting  engine  will  develop  twice  as  much  power 
igle-acting.  Conseqyently  it  may  be  said  at  once  that 
r  is  the  less  economical  as  far  as  first  cost  is  concerned. 
le  further  disadvantage  that,  on  the  return  stroke,  ad- 
^annot  be  taken  of  the  cushioning  action  of  the  steam  for 
the  reciprocating  parts  to  -rest ;  hence,  unless  some  other 
is  made  for  accomplishing  this  end,  it  will  not  operate 
ily  as  the  double-acting  engine.  On  the  other  hand,  it 
An  mechanical  advantages ;  for  example,  the  cross-head 
inf^-box  may  be  omitted  and  a  single  rod  used  to  replace 
n  and  connecting  rods.  The  vast  majority  of  steam 
ho'^ever,  are  double-acting,  although  a  few  of  the  single- 
iginesy  notably  the  Westinghouse  and  the  Willans,  have 
Y  auccessful. .  These  will  be  described  in  Chapter  XX. 

Beelproeating  and  Rotary  Engines. 

at  has  thus  far  been  said  in  regard  to  steam  engines 
ag  the  definition)  applies  only  to  reciprocating  engines — 
hose  in  which  the  force  of  the  steam  is  used  to  produce  a 
iting  motion  of  the  piston,  which,  by  means  of  other  parts 
3gine,  is  converted  into  a  rotary  motion. 
rotary  engine  there  is  no  reciprocating  motion  whatever, 
J  of  the  steam  being  used  to  produce  at  once  a  motion  of 
Botary  engines  are  not  economical  in  the  use  of  steam, 
[le  a  great  many  different  types  have  been  3^ee\^\\^A.^X\v^^ 
tiUleeued, 

m 

r 
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Economy  o£  Steam  Engines. 

The  principal  reason  ivhiGh  has  impelled  engineen  to 
duce  new  designs  of  steam  engines  was  to  attain  additional  econ 
in  the  use  of  fiiel,  and  yet  with  all  that  has  been  done  in 
direction  since  the  time  of  James  Watt,  the  steam  engine  is  st 
very  wasteful  machine,  and  only  a  small  percentage  of  the  en^ 
contained  in  the  fuel  is  actually  converted  by  the  steam  eo 
into  useful  work.  *  There  are  certain  losses  of  energy  which  it 
hitherto, been  impossible  to  avoid,  and  so  long  as  these  mtu 
incurred  so  long  will  the  process  of  transfoiteing  the  latent  en 
of  coal  into  mechanical  work  by  m^ns  of  the  steam  engine 
wasteful  one. 


Pounds  of  coal  consumed  in  evaporating  1 
pound  of  water  at  200''  F.,  into  steam  at  80 
pounds  pressure  (in  the  best  boilers) 

Pounds  of  water  consumed  per  horse- 
power in  non-condensing,  high-speed  steam 
engines,  about 

Pounds  of  coal  consumed  in  evaporfiting  30 
pounds  of  water  at' 200°  F.  into  steam  at  80 
pounds  pressure  (equivalent  to  the  work  of 
one  horse-power  hour)  =30x.l  = 

Pounds  of  coal  consumed  per  hour  for  100 
horse-power  =  100x3-= 

Heat  units  contained  in  1  pound  of  anthra- 
cite coal,  about 

Heat  units  contained  in  all  of  the  coal  con- 
sumed each  hour -12,000x300. 

Maximum  (theoretical)  work  which  can  be 
done  by  one  heat  unit,- in  foot-pounds 

Foot-p9unds  of  work  stored  in  all  of  the  coal 
consumed   each  hour  =  778  x  3,600,000  = 

Foot-pounds  of  work  done  per  hour  by  each 
(indicated)  horse- power  33,000x60 

Foot-pounds  of  work  done  per  hour  by  100 
indicated  horse-power 

Losses  in  overcoming  friction  of  engine  about 
10  per  cent 

Total  foot-pounds  of  useful  work  at  engine 

shaft  per  hour 

Foot  pounds  lost  per  hour 

Percentage  of  useful  work  about 
lost 


1.980,000 

198,000,000 

19,800,000 


(i 


i( 


2,800,01 


n2,o 

J,628,6< 
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^9  an  example  of  the  losses  which  occur  in  the  steam  engiue, 
e  the  case  of  a  modem  water  or  fire  tube  boiler  and  a  high- 
sd,  non-condensing  engine,  a  combination  which  t^n  be  found 
ftlmost  every  isolated  plant  for  electric  lighting.  Engines  of  • 
I  class  usually  operate  under  a  steam  pressure  of  80  pounds, 
.  require  about  30  pounds  of  water  per  indicated  horse-power- 
r.    Suppose  the  plant  under  consideration  has  a  capacity  of 

0  incandescent  lights,  and  that  an  engine  of  100  indicated 
se-power  is  used.  The  precediug  tabular  statement  shows  how 
3h  of  the  energy  contained  in  the  coal  is  actually  transformed 
)  useful  work  at  the  shaft  of  the  engine  under  favorable  condi- 

IS. 

'hat  is,  of  the  total  energy  contained  in  the  fuel  less  than  7  per 
t.  is  available  at  the  shaft  of  the  engine.  The  principal  reason 
this  is  that  so  much  heat  or  energy  is  absorbed  in  changing 

water  into  steam,  and  in  the  non -condensing  engine  this  is 
rely  lost.  Of  course  the  steam,  after  leaving  the  engines,  is 
uently  used  for  other  purposes,  such  as  heatiug,  etc.,  in  which 
J  much  of  the  heat  it  contains  is  utilized.  Besides,  this  type 
ngine  is  one  of  the  least  economical  in  use  at  the  present  day. 

figures  given  in  the  table  on  page  357  show  the  comparative 
loray  of  different  types  of  steam  engine,  and  by  a  calculation 
ilar  to  the  above  the  percentage  of  energy  utilized  by  each 
7  be  easily  ascertained. 

i  large  part  of  this  loss  of  energy  occurs  in  the  steam  generator  . 
joiler.     It  is  due  partly  to  the  high  temperature  at  which  the 
es  escape  from  the  chimney,  which  is  necessary  for  the  produc- 
i  of  the  draught,  as  explained  above,  and  partly  to  the  excess  . 
lir  over  and  above  that  necessary  for  complete  combustion  of 
fuel.     There  is  rarely  more  than  10  to  12  per  cent,  of  carbonic 

1  in  the  flue  gases,  and  this  means  that  there  is  more  air  sup- 
jd   than  is  necessary  for  the  combustion  of  the  fuel,  and  in 
iting  this  excess  to  the  temperature  of  the  products  of  com- 
Jtion  a  loss  of  energy  equal  to  about   16  pet   cew\,.  q^  'Ocv^  * 
9]  fuel  consumed  is  incurred.     Additionally  tVi^xe  ^xei  Xo^^'s. 
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due  to  radiation,  to  leakage,  and  to  the  heat  carried  away  it| 

the  ashes.  j 

The  losses  in  the  engine  proper  are  due  mainly  to  thepmi^ 

.ence  of  moisture  in  the  steam  cylinder.  Nearly  all  of  this  moir 
ture,  which  is  either  carried  into  the  cylinder  with  the  steam irm 
the  boiler,  or  is  produced  by  condensation  on  the  cylinder  walb  * 
in  the  steam  passages,  is  re-evaporated  during  the  expansion  aot 
exhaust  periods,  and  in  re-evaporating,  abstracts  heat  from 
steam.  Very  little  of  the  heat  which  is  used  in  this  way  is 
turned  to  the  engine  as  useful  work,  and  consequently  the 
ence  of  moisture  may  be  said  to  rob  the  engine  of  an  amount 
useful  energy  proportional  to  the  heat  required  for  its  evaporatic 
It  is  therefore  of  the  utmost  importance  to  the  economy  of 
engines  to  prevent  the  entrance  of  water  into  the  cylinder,  or  it 
formation  by  condensation  on  the  walls  of  the  cylinder  and  in 
passages. 

The  moisture  which  enters  the  cylinder  with  the  steam  is  nol 
properly  chargeable  to  the  engine.  Dry  steam  may  be  had  a 
the  throttle  of  the  engine  by  the  use  of  properly  designed  boilen; 
steam  separators,  and  non-conducting  pipe  covering.  The  pro- 
duction of  moisture  in  the  cylinder,  however,  is  due  to  the  design 
of  the  engine  and  to  the  conditions  under  which  it  operates.  Ai 
an  example,  consider  a  plain  slide  valve  engine,  and  suppose  the 
steam  is  admitted  under  a  pressure  of  100  pounds  per  square  incli, 

.  is  cut  off  early  in  the  stroke,  expands,  and  is  exhausted  againrf 
the  pressure  of  the  atmosphere.  The  entering  steam  has  a  tem- 
perature of  about  388°  F.,  and  as  the  steam  expands  this  ii 
«:radually  reduced,  until  at  the  end  of  the  stroke,  when  the  exhauil 
begins,  the  temperature  is  only  212°  F.,  and  this  is  maintaind 
during  the  entire  return  stroke.  Furthermore  heat  is  contino- 
ally  radiated  to  the  surrounding  atmosphere,  and  consequently  hf 
the  time  steam  is  again  admitted  the  walls  of  the  cylinder  and  thfl 
steam  passages  have  been  so  much  reduced  in  temperature  tW 

a  vcrv  co/jsiVJerable  amount  o^  \\ea\.  Tc\w"s>\,be  abstracted  from  th« 
steam  to  again  raise  the  tempeT^Ltwx^  q^  xNx^  \^^^.   '\>kv%.^^''^ 
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ritablj  cause  condensation  of  a  portion  of  the  steam,  which  will 
i  repeated  at  every  stroke,  and  result  in  a  material  reduction  in 
le  efficiency  of  the  engine. 

The  condensation  of  steam  in  the  cylinder,  called  initial  con- 
irisation,  is  greater,  the  greater  the  surface  exposed  for  a  given 
iight  of  steam  passing  through  the  engine,  and  consequently  it 
not  as  great  proportionally  in  large  engines  as  in  small  ones. 
)viously,  also,  it  is  proportional  to  the  range  of  temperature  to 
lich  the  cylinder  is  exposed,  and  it  is  for  this  reason  that  multi- 
3  expansion  engines  are  more  economical.  This  has  already 
en  explained  in  discussing  the  latter  type  of  engine  above.  As 
*  as  the  condensation  in  the  steam  passages  is  concerned,  it  has 
en  found  that  this  could  be  almost  entirely  eliminated  by  clos- 
l  the  exhaust  before  the  end  of  the  stroke,  so  as  to  compress  the 
am  and  thus  raise  the  temperature  of  the  walls  and  passages, 
more  effectually,  by  providing  separate  passages  for  admission 
d  exhaust.  This  is  the  reason  why  the  so-called  Four  Valve 
d  the  Corliss  types  of  engine  are  more  economical  than  those  in 

Steam  Consumption  or  Different  Types  of  Engines. 


Description  of  Engine. 


75-80 


75-80 


lin  Slide  Valve  with  long 
jtroke.    Cut-off  about  ^... 

itonaatic,  High  Speed 
Single  Valve.    Cut-off  J... 

itoroatic,  Four  Valve,  and 
Corliss  High  Piston 
Speed.    Cut-off  about  J... 

mpound  Automatic  High 
Speed,    Single  valve 

mpound  Automatic,  Four 
Valve  and  Corliss  High 
Piston  Speed 

p/e  ExpBDBioD. 1500  or  ovev    1 20-1 60 


Horse- 
power. 


25-100 


50-150 


50-500 


200-500 


Steam 
Pressure. 


7K 


-100 


110-120 


400  or  over    110-120 


Water  per  1 H.  P.  per  hour. 


Non- 
Condensing, 


40-50  lbs. 
25-35 

24-32 
22-30 


Condensing. 


30-40 
20-25 

18-24 
16-24 
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which  the  same  passages  are  used  for  both  admission  and  exbt^ 
The  losses  of  heat  due  to  radiation  may  be  effectually  pp^ventP 
by  surrounding  the  cylinder  with  non-conducting  material  tt 
use  of  the  steam  jacket  (see  page  363)  is  also  freqaentlf  10! 
effective  in  reducing  the  losses  due  to  initial  condensation. 

The  measure  of  the  economy  of  steam  engines  is  the  amom 
of  water  (or  steam)  required  per  hour  to  produce  one  indiciti 
horse-power.  This  varies  in  different  types  from  about  14  pooii 
to  upward  of  60  pounds.  The  preceding  tabular  statement  gif 
average  values  of  the  most  common  types,  and  from  thefle  tl 
relative  advantages  of  high  pressures,  compounding,  oondensii 
ete.,  may  he  observed. 


CHAPTER  XVII. 

STEAM  ENGINE  PARTS. 

The  present  chapter  will  be  devoted  to  a  general  considerati 
of  the  functions  and  design  of  the  different  parts  of  the  8t« 
engine  as  enumerated  in  the  beginning  of  the  previous  chapt 
<^xcepting  "  Valves  and  Valve  Ge^rs^and  **  Governors,"  whi 
will  be  taken  up  in  Chapters  XVIII.  and  XIX.  respectively.  T 
different  designs  used  in  the  construction  of  steam  engine  parts, 
differci*t  makers,  will  be  found  in  Chapter  XX. 

Bed-Plates  and  Housiiigs. 

The  bed-plate  is  that  part  of  a  steam-engine  which  format 
connection  between  the  cylinder  and  the  main  pillow-block 
crank-shaft,  and,  in  many  instances,  constitutes  the  support 
which  they  rest.  They  embrace  a  great  variety  of  shapes  a 
forms,  such  as  the  box  side  bed-plate,  girder-frame,  etc.,  whi 
were  all  doubtless  designed  to  meet  some  peculiar  requireme 
and  for  each  of  which  special  advantages  are  claimed,  the  gird 
frame  being  in  most  favor  wVl\\  rcvo^i^icii  <i\i^\\v^feT&.  'X^k^  ^ 
phrt  due  to  the  fact,  that  t\\e  i\eeeaa«it^  "^^^^^^"^1  ^"a.\i.\sfe  ^\a 
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iesB  metal  than  in  any  other  form,  and  that  the  strength  can 
ore  equally  distributed  in  the  line  of  the  strain,  and  above 
below  it.  Bed-plates  are  subjected  to  transverse  in  addition 
isile  and  compression  strains. 

designing  a  girder-frame,  if  it  is  to  be  supported  only 
i  ends,  due  allowance  must  be  made  for  transverse  strains 
)  the  thrust  of  the  connecting-rod.  The  amount  of  this 
may  be  found  by  dividing  the  greatest  pressure  to  which 
ston  may  be  subjected  at  mid-stroke  by  the  quotient  ob- 

by  dividing  the  connecting-rod  by  the  crank.    Thus,  sup- 
he  area  of  the  piston  is  200  sq.  inches,  and  it  is  desii'ed  to 
mple  strength  for,  say  80  lbs.  of  steam  at   mid-stroke; 
80  =  16,000  lbs.,  the  force  on  the  piston.    Then  suppose 
otient  obtained  by  dividing  the  connecting-rod  by  the  crank 
16,000  -^  5  =  3200  lbs.,  the'  pressure  on  the  slides  at  mid- 
When  the  engine  runs  over,  that  is,  when  the  top  of  the 
3el  runs  from  the  cylinder,  the  weight  of  the  cross-head, 
slf  the  weight  of  the  connecting-  and  piston-rods,  must  be 
to  this,  and  deducted  when  the  motion  is  in  the  opposite 
on. 

isings  are  the  upright  frames  of  vertical  engines  on  which 
linders  rest  and  which  contain  the  main  bearings  of  the 

Their  design  depends  entirely  on  the  nature  of  the  engine, 
e  proportions  are  largely  a  question  of  experience.  They 
>e  made  strong  enough  to  support  the  weight  of  the  engine 
ind  of  sufficient  rigidity  to  prevent  vibration,  but  no  defi- 
iles  can  be  given  as  to  their  proportions, 
h  bed-plates  and  housings  should  be  made  as  heavy  as  pos- 
rithout  being  wasteful  of  material,  and,  it  may  be  said  in 
.1,  that,  other  things  being  equal,  the  running  of  an  engine 
J  the  more  satisfactory  the  heavier  the  framework. 

Steam -Cylinders. 

cylinder  is  one  of  the  most  important  aa  yicS\.  Wb  \!afe  xaosfi^ 
ve  parts  of  a  steam-engine ;  it  must  be  m«Aft  at  "vtoi^  V*^ 
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sessiiig  the  qualities  of  hardness  and  toughness,  be  moulded  and 
cast  with  great  care,  and  bored  witb  great  accuracy.  Cjlinden^ 
from  the  moment  they  are  put  into  use,  have  a  tendency  to 
oblong,  also  to  wear  larger  in  some  places  than  others.  Thi&  in- 
volves the  necessity  of  reboring  them,  which  is  one  of  the  largest 
items  of  expense  incurred  in  the  repairs  of  a  steam-engine. 

There  are  certain  peculiarities  connected  with  the  wear  of 
steam-cylinders  upon  which  engineers  have  hitherto  been  unal 
to  agree,  among  which  is,  why  the  cylinders  of  different  engii 
of  the  same  size,  design,  and  manufacture,  and  under  the  sai 
conditions,  wear  in  opposite  directions.  The  cylinders  of  soi 
horizontal  engines  wear  more  on  the  lower  than  on  the  upper  8i< 
while  others  of  the  same  size  and  build  wear  more  on  the  si 
opposite  the  ports,  and  others  on  the  sides  next  the  ports.  Nor 
it  always  the  largest  cylinders  and  heaviest  pistons  that  wear  mt 
on  the  lower  side  of  the  cylinder.  The  same  peculiarities  he 
good  in  relation  to  vertical  engines.  On  some  lines  of 
steamers,  where  four  or  five  of  the  engines  were  built  by  the  sai 
manufacturing  firm,  and  whose  design,  quality  of  material,  cba^| 
acter  of  workmanship  were  intended  to  be  as  much  alike  in  everj 
respect  as  it  was  possible  to  make  them,  it  was  found  on  exami- 
nation that  tlie  cylinders  of  all  were  worn  oblong — some  in  the 
middle,  others  at  both  ends,  and  others  still  at  only  one  end.  It 
is  a  general  impression  among  engineers  that  the  cylinders  of  veiji 
large  horizontal  engines  are  more  liable  to  wear  oblong  than  those ^ 
of  vertical  engines  of  the  same  bore ;  but  experience  and  obea- 
vation  have  })r()ved  this  to  be  a  mistaken  idea.  The  trouble  ii 
frequently  due  to  imperfect  alignment,  and  it  is  difficult  to  imagine 
why  an  engine  piston  should  exert  any  pressure  against  the  cylin- 
der walls,  other  than  that  due  to  gravity,  when  all  of  the  recipro- 
cating parts  are  perfectly  true  with  the  centre  line  of  the  engine 
and  with  each  other.  Care  should  be  taken  to  see  that  this  is  the 
case,  and  also  that  the  packing  is  placed  with  uniform  thicknefl 
'ud  the  piiiton  rod,  as  any  ii\'3A,ei\«\  \w^<^\i\\\.>j  YMiy  throw  the 
out  of  alignment.     T\\e  weax  \i\i\c)sv  ^o>a\$i  ^^t\«  ^^"^ 
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^m  of  the  cylinders  of  large  horizoolal  eDgines  od  account  of 
weight  of  the  piston  is  frequently  avoided  by  extending  the 
through  a  stuffing-box  in  the  outer  cylinder  head. 


Stsam  CyUcder. 

'he  above  out,  which  represents' a  Bteara  engine  cylinder  as 
1  on  a  modern  locomotive,^  shows  all  of  the  essential  parts  of 
earn  cylinder.  1  represenla  the  cylinder  proper,  2  and  3  the 
da,  which  are  held  in  position  by  means  of  bolts.  The  back 
nder  head,  3,  has  a  stuffing-box,  into  which  fits  the  gland  6. 
tvill  be  observed  that  the  hole  in  the  stuffing-box  is  slightly 
;er  at  the  outside.  This  is  for  the  packing  around  the  piston 
,  which  makes  it  tight,  the  gland  6  beiug  forced  inward  until  the  . 
king  entirely  fil)s  the  space  provided  for  it.  A  similar  stuffing- 
.  and  gland,  12,  is  provided  for  the  valve  rod,  17.  The  steam 
st  10  ia  held  in  position  by  the  cover,  11,  which  is  holbad  to 

7rom  nn  "Illustrated  C'a(alcigue  of  Narrow  Oau^  Ijoco'oio'X'J'aV  '^'i^^- 
LoooaotiTe  Wotk»,  Philadelphia,. 
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the  cylinder  casting,  although  a  more  usual  coDstmctioD 
cast  the  cylinder  and  steam  chest  in  one  piece  and  bolt  the  c 
to  the  latter.  The  slide  valve  16  is  actuated  by  means  of 
valve  rod  17,  and  admits  steam  behind  the  piston,  as  will  b 
plained  under  "  Valve  Gears  "  below.  The  stem,  19,  is  for  ati 
iug  an  oil  pipe  for  lubricating  the  valve.  The  cut  also  sho 
casing,  4, 5,  9, 14, 15,  around  the  entire  cylinder  and  heads,  whi 
common  practice  in  locomotives  but  not  in  stationary  eoj 
The  wooden  cover,  8,  which  surrounds  the  cylinder  proper,  c 
lagging,  acts  as  an  insulator  for  checking  the  radiation  of 
from  the  cylinder  walls  into  the  surrounding  atmosphere. 

The  steam  passages,  20,  and  the  exhaust  passages,  21,  ai 
channels  by  which  the  steam  enters  and  leaves  the  cylinder, 
proportioning  of  these  is  a  very  important  feature  in  designii 
engine,  and  it  may  be  said  that  a  large  portion  of  the  Urn 
engines  is  due  to  an  incorrect  design  of  the  steam  pas 
They  should  be  as  short  as  possible  and  of  sufficient  cross  « 
to  prevent  any  reduction  of  pressure  in  the  steam.  The  g( 
rule  is  to  provide  one  square  inch  cross  section  of  steam  po 
every  square  inch  area  of  piston  and  100  feet  of  piston  spec 
second.  Hence,  to  determine  whether  the  steam  passage 
properly  proportioned, 

Rule. — Multiply  the  area  of  the  piston  in  square  inches  I 
piston  speed  in  feet  per  minute  and  divide  the  product  by 
The  result  will  be  the  proper  cross  section  of  the  steam  passi 
square  inches. 

The  term  clearance  is  understood  by  engineers  to  mea 
unoccupied  space  between  the  piston-  and  cylinder-heads 
the  crank  is  at  the  dead-centre ;  but  it  also  applies  to  the 
between  the  cylinder  and  the  face  of  the  valve  of  valves, 
slide  or  poppet.  The  amount  of  clearance  of  any  engine  i 
Its  economy ;  and  if  the  clearance  is  small,  the  engine  n 
more  economical  than  if  large ;  a  certain  amount  is  an  ah 
'*^cc88ity.  It  is,  therefore,  aiv  oVi^ecX.  oi  Vnv^Ttaace,  in  poi 
economy ^  to  have  the  va\\e-iace  aa  wcax  >^<&\a&i^  ^1  HiMt  v 
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asible.  In  this  lies  one  of  the  most  important  features  of  that 
of  engines  known  as  four-valve  engines  as  well  as  those  of 
)orl]8S  type.  The  clearance  varies  with  different  builders, 
n  difiereut  engines  from  1}  to  10  per  cent,  of  the  cubic  con- 
of  the  cylinder.  .     " 

e  clearance  is  often  as  high  as  fifteen  per  cent.,  in  some  old- 
>ned  long  stroke,  slide-valve  engines.  This  arose  from  a  mis- 
ption,  at  the  time  they  were  designed,  of  the  waste  the  large 
ince  would  occasion,  and  is,  perhaps,  in  many  instances,  due 
i  caprice  of  the  inventor  of  some  patent  piston,  who  made  his 
i-riogs  of  less  depth  than  the  original  designs,  thus  increasing 
)ace  between  the  piston-  and  cylinder-heads,  when  the  crank 
the  dead-centre.  There  are  even  cases  to  be  met  with,  where 
Id  fisishioned,  hemp-packed  piston  has  been  replaced  by  me- 
packing  of  not  more  than  half  its  depth,  without  any  means 
taken  to  fill  up  the  spaces  at  each  end  of  the  cylinder, 
providing  that  the  clearance  is  fifteen  per  cent,  of  the  cubic 
nts  of  the  cylinder,  and  that  the  engine  makes  from  one 
red  and  fifty  to  two  hundred  strokes  per  minute  for  ten 
I,  it  may  easily  be  seen  how  enormous  the  waste  must  be. 
quantity  of  fuel  that  might  be  saved  by  replacing  such  an 
e  by  one  in  which  the  clearance  would  be  reduced  to  a  mini- 
,  would  more  than  pay  for  the  latter  in  five  years.  Persons 
Dying  steam-power,  or  intending  to  purchase  steam-engines, 
d  pay  attention  to  the  foregoing  fact. 

the  clearance  space  is  generally  irregular  in  form,  particu- 
in  slide-valve  engines,  it  is  somewhat  difficult  to  calculate 
cact  cubic  space.  The  most  accurate  method  of  ascertaining 
ixact  amount  of  the  clearance  is  to  place  the  crank  at  the 
•centre,  and  fill  the  space  with  water  up  to  the  face  of  the 
3  (the  quantity  of  water  being  previously  weighed  or  meas- 
).  Then  deduct  the  amount  remaining  in  the  vessel  from  the 
e,  and  the  remainder  will  be  the  quantity  contained  in  the' 
unce  in  cubic  inches  or  gallons,  as  the  case  ma^  \ife. 
9k0ffsig  MB  a  term  applied  to  a  method  wlucla.  \a  «Ao^\«i^  ''^^ 
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many  of  the  larger  engines,  working  at  high  pressures  to  reduce 
the  initial  condensation  in  steam  cylinders.  A  steam  jacket  con- 
sists of  an  annular  space  around  the  cylinder,  which  is  filled  with 
live  steam  from  the  boilers. 

The  Piston  and  Piston  Rod* 

The  piston  is  that  part  of  the  steam  engine  which  first  receives'and 
transmits  the  pressure  of  the  steam  to  the  other  mechanism,  which, 
in  a  sense,  is  subsidiary  to  it.  It  consists  of  an  iron  disc  fitting 
into  the  cylinder,  and  the  nature  of  the  work  which  it  has  to  per- 
form requires  that  it  should  be  strong,  durable,  light  in  weight, 
accessible,  and,  above  all,  that  it  should  maintain  a  steam-tight 
contact  with  the  cylinder  walls.  It  is  impossible  to  give  any  ruk 
for  calculating  the  thickness  of  pistons,  as  difierent  conditiom 
require  different  designs.  If  it  is  not  steam-tight,  there  will  be  fl 
continual  leakage  of  steam,  causing  a  serious  loss  in  the  economj 
of  the  engine.  This  is  one  of  the  most  common  losses  in  a  steam 
engine  and  one  which  must  be  carefully  watched,  not  only  by 
builders  of  engines,  but  also  by  those  who  have  charge  of  running 
them.  The  usual  method  of  keeping  steam  pistons  tight  is  tc 
provide  them  with  one  or  more  cast-iron  rings  which  fit  intc 
grooves  cut  into  the  circumference  of  the  piston.  The  piston  is 
first  turned  to  a  diameter  slightly  smaller  than  that  of  the  interior 
of  the  cylinder.  The  piston  rings  are  of  cast-iron  and  slightly 
larger  than  the  diameter  of  the  cylinder.  After  they  have  been 
turned  to  a  smooth  finish  on  the  outside  a  piece  of  suflScient  width 
is  cut  off  the  circumference  of  the  ring,  and  it  is  then  placed  in 
the  groove  of  the  piston  and  sprung  into  the  cylinder.  When 
in  place  the  tendency  of  the  rings  is  to  spring  outward,  and  in  this 
way  a  steam-tight  joint  is  effected. 

A  great  many  different  styles  of  pistons  have  been  devised;  in 

fact,  different  kinds  of  engines  require  different  kinds  of  pistons. 

Those  iUustrntod  in  the  accompanying  cuts  represent  four  differ- 

ent  niethoih  of  packing  employed  \iy  VW  ^^^Vva.  \jK>^iwtasiVw 

"^^)rks.     In  Fi^.  1  the  method  rciexTVidto  «L\i^N^\%>a»^— '^'8^.' 
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the  packing  consUte  merely  of  cast-iron  spring  rings,  8,  irhich 
press  against  the  cylinder  by  virtue  of  their  elasticity.  In 
this  design  the  end  of  the  piston-rod  is  slightly  tapered.  It  is 
threaded  at  the  extreme  end,  where  it  projects  through  the  piston, 
and  is  held  in  place  by  a  collar  and  nut  In  Fig.  2  the  packing 
coDsists  of  brass  and  composition  rings,  10,  held  in  place  by  means 
oftbeflatplat«2,  called  the  follower,  and  pressed  outward  by  three 
flat  springs,  11.  The  follower  is,  used  so  that  tbe  rings  may  be 
taken  out  and  adjusted  without  disturbing  the  piston.     The  piston. 


is  secured  to  the  rod  by  means  of  the  key  6  and  the  follower  is 
secured' to  the  body  of  the  piston  by  means  of  tap  bolts  3  and 
brass  nuts,  4.  In  Fig.  3  the  packmg  consists  of  a  cast-iron  tee  ring 
9,  and  spring  rings,  8.  It  is  virtually  a  cumbination  of  the  first 
and  second  methods,  embodying  the  use  of  cast  trun  spring  rings 
together  with  the  advant^es  derivtd  from  the  use  of  the  follower 
namely,  accessibility  for  removing  the  packing  without  disturbing 
the  piston  proper.  Tbe  same  design  i=  used  in  Fig.  4,  except  that 
the  rings,  8,  instead  of  being  spring  rings,  have  independent  s^RaV 
wire  springs  13,  placml  between  the  tee  r'lnjr  and  l\\fe  -pS^an  -rai^ 
i  or(ier  to  force  the  Jatter  ouiward  against  the  c^\m4ex. 
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Plston-Bods. 

The  diameter  of  piston-rods  varies  with  different  builders, 
range  being  between  ^  and  y^g  the  diameter  of  the  cylinder, 
(wording  to  their  length  and  probable  maximum  pressure, 
high-pressure  piston-rods  of  the  American  line  of  steamships 
about  \  the  diameter  of  the  cylinders,  and  the  low-pressure  a1 
>,<(r.  The  piston-rod  of  the  Centennial  Corliss  Engine  was  al 
I  the  diameter  of  the  cylinder.  A  rod  -j^  the  diameter  woul 
jIq  the 'area  of  piston;  and  If  100  lbs.  of  steam  were  acdnj 
the  piston,  the  strain  would  be  10,000  lbs.  per  square-inch  sec 
of  rod,  whioh  is  about  ^  the  breaking  strength  of  good  iron. 

But  the  strain  on  a  piston-rod  is  alternately  tensile  and  < 
pn^ssive.  Such  a  size  would  evidently  do  for  such  a  pres 
though  it  might  not  break  so  long  as  it  was  not  subjected  to 
unduo  strains  from  accidental  causes,  such  as  water  in  the  cyhi 
oto.  On  the  otlier  hand,  the  largest  size  in  use —  J  the  diaD 
i»t*  tho  oyliudor  —  would  be  j^g  the  area,  on  which  the  strain 
to  UH)  U^  of  steam  would  be  3600  lbs.  per  square-inch  sec 
whioh  18  fairly  within  the  limits  of  perfect  safety.  But 
prtwuuro  on  tho  piston  is  not  the  main  consideration  in  d 
uaiiiug  tho  sizo  of  the  rod,  as  accidental  strains,  to  which 
lialdo  to  U^  subjivttxl,  must  be  adequately  provided  for.  Son 
tlh>eK^  tttrains  Ivar  Uv^  rolatiou  to  the  steam  pressure,  so  tha 
(Uamotor  of  tho  pisum  should  be  made  the  main  factor  ii 
ti^rmiuiug  tho  sixo  of  the  roii.  Bourne's  rule  is  to  mukipl 
diaiut^t^  of  the  ov Under  iu  inches  by  the  square  root  oi 
pi'iittUi^  ^xu  the  piscou  in  ^x'unds  per  square  inch,  and  c 
\\w  imniuot  bv  Jh>.     The  viuotieut  is  the  sixe  of  the  piston-nx 

PfitaMI-rCHl»  luiix  Iv  siLT;A:Ier  tu  diameter  than  the  foregoii 

!•  ttf  *t\vl,  and  if  :hev  ixn^s^ss?  sutficient  rigidity  and  stn 

lUl  all  stvaittji  U'  >i^?.toh  :hey  may  be  exposed,  and  at  the 

dMvHJ  U>(ici  tVioiior.  do  i-j  .^n?  service,  witth  less  liability  tfl 

*^IUCU\w^.  ^fc'iV.c  -^V^  ci;.'feww»  in  first  cost  wott 
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GoaHeetiiig-Rod,  aed  Crank  Connedions. 

ry  generally  prevails  among  engineers  that  the 
team-engiDe   travels 

part  of  the  stroke 
ler.    This  is  evident- 

The  crank  travels 
ipeed  throughout  its 
t  the  piston  travels 
e  one-half  its  stroke 
If  the  connecting- 
efinitely  long,^  or  a 
3re  substituted  for  it, 
of  the  piston  would 
by  the  crank  alone; 
id-travel  would  cor- 
ly  with  the  corre- 
3  in  the  travel  of  the 
piston  would  occupy 
ion  at  the  first  and 
Ach  stroke.  But  in 
the  distorting  action 
tiug-rod,  the   piston 

during  the  half  of 
thest  from  the  crank, 
tly,  when  the  crank 
f  mid-travel,  that  is, 
jrpendicular  to  the 
3  cylinder,  the  piston 
rank  than  its  point 
3y  an  amount  which 
T  with  the  length  of 
;-rod,  and  which  is 
BTerence  betvveen  the 
hypothenuse  of  the 
wgle  formed  by  the 
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connecting  rod,  the  crank  and  the  distance  between  the  croes-head 
pin 'and  the  shaft  when  the  crank  is  perpendicular  to  the  centre 
line  of  the  engine  cylinder. 

Rule  for  finding  the  distance  the  piston  is  ahead' of  its  central 
position  in  the  cylinder  on  the  forward  stroke,  and  also  the  dis- 
tance which  it  lags  behind  on  the  backward  stroke  wheti  the  crank 
is  in  the  central  position. 

Subtract  the  square  of  the  length  of  the  crank  from  the  square' 
of  the  length  of  the  connecting-rod ;  find  the  square  root  of  the 
dijBTerence  or  remainder,  and  subtract  it  from  the  length  of  the' 
connecting-rod.    The  remainder  will  be  the  variation  of  the  pistoo 
from  a  central  position  when  the  crank  is  at  right  angles  to  thej 
centre  line  of  the  engine. 

Example. — Length  of  crank,  12  in. 
Length  of  connecting-rod,  72  " 

Then  72^  =  5184  in. 

12^=   144  " 

•  

Difference  ^  6040  " 

^5040  =  70-992  in. ;  and  ( 

72 
70-992 

1*008,  which  is  the  variation  in 
inches. 
The  connecting  pod  is  usually  made  from  four  to  eight  times  i 
long  as  the  crauk — that  is,  two  to  four  times  the  length  of  the 
stroke.  Long  connecting  rods  have  many  advantages,  but  the 
longer  they  are  the  greater  must  be  their  thickness,  consequently 
it  may  be  said  that  short  connecting  rods-  are  more  economical  in 
the  use  of  material.  The  usual  length  for  high-speed  engines  ii 
about  five  times  the  length  of  the  crank. 

The  Cross-head.  j 

The  cross-head  is  that  part  o^  iW  ^w^Tk^  ^\\\^,  \stfs^mv^  he^ 
twecn  guides,  preserves  the  lectWme^i  moXlvou  ^i  VV^  ^>s^x.-^ 
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1  at  the  Bame  time  supplies  a  beariDg,  called  the  wrist-pin  or 
ee-head  pin,  for  the  rocking  Diotion 
aaeendof  theconaectiag-rod.  The 
jign  and  proportions  of  the  cross- 
id  are  lai^elj  a  matter  of  experi- 
ee  and  taste,  although  the  areas  of 
i  slides,  if  not  carefully  calculated 
-  the  pressure  to  which  they  are  sub- 
cted,  are  liable  to  heat.  The  ac- 
mpanying  cut  shows  a  simple  form 
cross-head,  being  that  used  in  the 
rtical  engines  built  by  the  New 
jrk  Safety  Steam  Power  Company. 
)  will  be  seen  from  the  cut,  it  has 
justable  gibs  on  either  side,  by 
lans  of  which  and  the  screw  bolte 
[)wn,  any  wear  in  the  slides  may  be  I 
iily  taken  up.  Cross-heads  may 
made  of  cast  iron,  wrought  iron,  or 
el,  but  the  latter  material  is  the 

)st  common  at  the  present  day  on  account  of  its  lightness  for  a 
fen  strength.  The  area  of  the  wearing  surface  or  slides  de- 
nda  on  the  pressure  to  which  they  are  subjected.  In  a  horizon- 
engine,  if  it  "  throws  over,"  all  of  the  wear  comes  on  the  lower 
[le ;  while,  if  the  engine  "  throws  under,"  the  reverse  is  the  case, 
lis  should  be  taken  into  account  in  proportioning  the  slides, 
lich  should  be  on  a  basis  of  from  fifty  to  eighty  pounds  per 
iiaro  inch  of  surface. 

The  dilTerenoe  between  throwing  over  and  under  may  be  ex- 
lined  as  follows:  An  engine  throws  over  when  the  crank-pin 
iverses  the  upper  portion  of  ils  travel  while  the  piston  is  moving 
rard  the  main  shaft  and  throws  under  when  the  crank-pin 
iverses  the  lower  portion  of  its  travel  while  the  piaton  vs,  n\oNVQ^ 
»ard  the  main  ebait.  This  is  illustrated  in  iVie  foWowm^  c>3.\», 
which  tie  arrows  indicate  the  direction  oi  i\ioXu>n.      K  XVCi^ 


m^t 
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study  of  these  cuts  will  show  that  in  the  first  case  the  atre 
slides  is  always  downward,  while  in  the  second  it  is  apwai 
gines  are  usually  built  to  throw  over,  except  when  the  t 


BDffine  throwiner  over. 


Bnerine  throwinsr  under. 

sion  is  such  that  the  tight  side  of  the  belt  would  come  on 
which  is  never  advisable. 


The  Connecting  Bod. 

The  connecting  rod  is  a  rod  or  link  by  means  of  wh 
the  crank .  the  reciprocating  motion  of  the  piston  and  or 
is  converted  into   the   rotary  motion  of  the  shaft.     As 
stated,  it  has  a  bearing  at  one  end  on  the  crosshead-pin, 
the  other  it  engages  the  crank-pin.     The  connecting  rod 
be  made  as  light  as  possible,  and  it  is  consequently  usua 
structed  of  steel,  which  for  a  given  strength  is  lighter  tha 
cast  or  wrought  iron.     It  is  usually  made  taper,  with  the 
cross  section  at  the  cylinder  end,  as  this  form  is  best  si 
resist  the  peculiar  bending  stresses  to  which  connecting  i 
subjected.      The   cross-section  is   generally  rectangular, 
frequently  circular  and  son\e\AmeS)  ^\x^vj^-^W^^d.    The  ( 
'ecting  rods  are  of  vaxioua  desv^tk«».     'IV^  \i^"5«Ywg 
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ead  and  craDk-pin  are  usually  made  of  brass  or  of  some 
ction  metal.  These  bearings,  called  brasses,  are  held  to  the 
ids  of  the  rod  by  means  of  straps,  and  the  wear  is  taken  up 
s  and  gibs. 

key,  gib,  and  strap  are  the  most  simple  and  effective  me- 
il  devices  which  could  be  employed  for  securing  the  con- 
^-rods  of  steam-engines  to  the  wrist-  and  crank-pins,  and 
up  the  lost  motion  in  the  boxes,  as  they  possess  sufficient 
h  without  extra  weight  of  material,  and  facilitate  quick  and 
Ijustment  There  is  quite  a  wide  difference  of  opinion  among 
's  in  proportioning  the  keys,  gibs,  and  straps  of  their  en- 
Some  make  the  thickness  of  both  straps  on  the  connecting, 
he  diameter  of  the  crank-pin,  and  their  width  about  |  the 
of  the  pin ;  while  others  make  the  width  of  their  straps 
imes  their  thickness,  and  the  area  of  the  cross-section  at  the 
I  equal  to  the  area  of  the  smallest  part  of  the  connecting- 
hile  others,  still,  make  them  equal  in  strength  to  the  weakest 
n  the  piston-rod,  which  they  undoubtedly  should  be  in  any 
It  has  been  customary,  heretofore,  to  make  straps  thinner 
yoke  than  at  the  mortise ;  but  this  has  been  partly  aban- 
as  the  amount  of  material  saved  was  insignificant,  while 
:ra  work  was  considerable.  The  depth  of  the  gib  and  key 
ood  engine  is  generally  about  three  times  their  thickness, 
le  taper  at  about  1  in  ten ;  though  it  ranges  all  the  way 
be  latter  to  1  in  24,  1  in  15  being  about  the  average.  It  is 
lary  in  some  instances,  as  in  the  case  of  marine  engines, 
►tives,  and  other  fast-running  engines,  to  pass  a  bolt,  and  in 
ases  two,  through  the  stub-end  and  straps,  as  a  precaution 
b  accidents ;  the  holes  in  the  straps  being  the  exact  size  of 
It,  while  those  in  the  stub  are  slotted,  for  the  purpose  of 
ing  of  adjustment  by  the  key  and  gib. 
accompanying  cut  represents  a  simple  and  good  design  of 
ting-rod  end.  In  this  style,  which  is  that  w«>^d  \\i  \}cv^ 
EtUgme,  the  strap  is  made  in  three  pieces  vj\\\e\\  ^t^.  \\^\ 
r  bjr  bolts  as  shown.     The  method  of  takm^  w^  ^X^^  "^^"^"^ 
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on  tiic  brassea  and  the  different  parta  of  the  end  will  be  i 
from  the  cut  without  further  explanation.  When  the  cruwfci 
is  of  the  type  illustrated  in  the  preceding  par^raph  one  end 


the  connecting  rod  is  forked,  which  virtually  means  a  doublt 
of  straps,  brasses,  and  gibs. 


A  crank  is  a  simple  lever,  at  one  end  of  which  acts  thesb 
pressure  which  is  transmitted  to  it  by  the  reciprocating  p 
while  the  other  ia  secured  to  the  main  shaft  of  the  engine.  I 
the  final  link  in  the  transformation  of  reciprocating  into  rotary 
tion. 

The  generally  prevalent  idea  among  mechanics  that  thee 
nil  actual  U>83  of  po^vc^  in  the  uee  of  the  crank,  has  stimuli 
invciitora  to  aulwtltutp  for  it  a  device  that  would  utilize  all 
|Miw(.<r  i>xcrtod  af^ainst  the  piston  without  loss.  As  a  reeul^ 
IT.  S.  i'atonl-l^tlicc,  as  well  as  those  of  the  dilTerent  counlM 
Kliru|H\  are  crowdt'd  with  nrrangenients  intended  to  supw 
the  crank ;  t]n:  mo^t  |H)puliir,  and  consequently  tfaeiniKt 
fluently  niaorted  to,W\tvg  tW  to\».t]  (fci^«£,in  which  the  tflki 
(tf  tberteaiu  v<oa\d\Kcans\wA.,Vi£^\n.'fia%aufe^>^« 
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intermittent;  but,  so  far,  no  rotary  arraiigenieut  has  ever 

able  to  compete,  in  point  of  economy,  with  the  reciprocating 

e. 

'icily  speaking,  there  is  no  loss  of  power  in  the  use  of  the 

:,  as,  while  there  is  a  great  variation  in  the  power  a  given 

I  pressure  will  exert  at  o^ 

ent  points  of  the  stroke, 

3tal  power  at  the  crank 

ig  one  revolution  of  the 

16  18. the  same  as  that  /  III         \ 

16    piston   during   two  / 


y    III    V 


eSy  except  for  the  losses       ^-/- 1  XC\  \ 

iction,  which  in  a  well-  i8oi-<|;) f-^T^-V \^ 


I 


engine  are  not  great.       ^--r — -\^  i/  ' 

equality  in  the  work  at  \  ;  / 

iston  and  at  the  crank-  \  j  / 

dll  be  easily  understood  "^^^^       I        ^^ 

an  example.    Suppose  ; 

)iston  has  an  area  of  '^^ 

square  inches  and  the  steam  pressure  is  100  pounds  per 
re  inch,  while  the  stroke  is  24  inches.  The  total  pressure  on 
»iston  is  100  X  100  =  10,000  pounds,  and  since  the  stroke  is  2 
he  work  done  during  each  stroke  is  2  X  10,000  =  20,000  foot 
ds,  and  during  each  revolution  2X20,000  =  40,000  foot 
ds.     Now,  at  the  crank-pin  the  force  is  not  always  in  the 

direction.  Its  direction  is  in  the  line  of  the  connecting-rod, 
consequently  the  effort  to  turn  the  crank  is  not  always  the 
!.  At  the  beginning  of  the  stroke,  for  example,  there  is  no 
ency  whatever  to  turn  the  crank,  the  total  pressure  being 
ted  against  the  main  bearings,  and  if  it  were  not  for  the  fly- 
)1  the  engine  would  come  to  rest  at  the  beginning  and  end  of 

stroke.     As  the  stroke  advances,  hojvever,  the  turning  eitfort 
saaeSy'  and  when  the  connecting  rod  is  perpendicular  to  the 
k,  which  is  near  the  middle  of  the  stroke,  tY\e  tol»\  iwcfc  '^^ 
temm  h  ntUiwed  in  turning  the  crank,  after  wYiicYv  lYie  tw^mvi^ 
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effort  again  decreases  and  disappears,  entirely  at  the  end  of  t 
stroke.  The  force  at  the  crank-pin  may  in  fact  be  considered 
made  up  of  two  forces,  the  one  acting  in  the  direction  of  thecnu 
and  tending  to  produce  pressure  on  the  bearings,  and  the  otl 
acting  in  a  direction  perpendicular  to  the  crank  and  tending 
produce  rotation,  the  resultant  of  the  two  being  at  all  times  eqi 
to  or  nearly  equal  to  the  total  pressure  on  the  piston.  Now 
will  be  remembered  that  work  was.  defined  as  the  product ' 
force  and  the  distance  through  which  it  acts,  hence  it  follows  th 
since  that  part  of  the  force  on  the  crank-pin,  which  is  exerted 
the  direction  of  the  crank  does  not  produce*  any  motion  b 
simply  pressure ;  it  does  no  work,  and  hence  all  of  the  work 
done  by  the  other  part,  namely,  that  which  is  exerted  in  a  dire 
tion  perpendicular  to  that  of  the  crank.  Therefore,  since  there  hi 
been  no  work  lost  except  that  of  friction,  the  work  at  the  cranl 
pin  must  be  equal  to  that  at  the  piston.  Again,  it  may  be  shot 
by  mathematics  that  the  average  value  of  the  turning  force  attb 
crank-pin  during  one  entire  revolution  is  equal  to  the  total  preB 
ure  on  the  piston  multii)lied  by  the  number  .6367,  hence,  takin) 
the  figures  given  in  the  example  above,  the  average  turning  fore 
during  each  revolution  would  be  10,000  X  .6367=6367  pound' 
Now,  since  the  length  of  the  crank  is  one-half  the  length  of  th 
stroke,  or  in  this  case  one  foot,  the  crank-pin  will  travel  a  dii 
tance  equal  to  2X3.1416=6.2832  feet  per  revolution.  Durin 
this  time  the  average  turning  force  is  6367  pounds,  hence  th 
work  done  in  turning  the  crank  is 

6367  X  6.2832-40,000  foot  pounds, 
which  \a  the  same  as  the  work  done  on  the  piston,  as  found  abov 
Ilenco  it  will  be  clear  that  there  is  no  work  lost  by  the  cran 
except  the  friction  at  the  bearings. 

Cranks  are  made  of  cast  iron,  wrought  iron,  or  steel.    Tl 

former  material  is  used  ©nly  in  the  rougher  forms  of  engines  an 

shouh]  he  avoided,  as  it  is  liable  to  contain  blow  holes  and  oth( 

hidden  (lofocts.     The  iw\^t\\  oi  IW  CTvv\\V\^\)cv^^\^\»xv^'^^^\fi.<]t 

centre  of  the  pin  to  t\\c  centre  o?  tXv^  ^^^'^  w\^  Na»  ^^jjm^  \» 
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e  length  of  the  stroke.  The  boss  of  the  crank  is  that  part 
lich  the  shaft  is  inserted,  and  which  butts 
the  main-bearing.  In  common  practice 
th,  when  of  cast-iron,  is  about  twice  the 
er  of  the  crank-shaft  journal,  and  the 
at  the  pin  is  generally  about  twice  the 


DlBo  Crank. 

er  of  the  pin.  The  section  of  the  crank 
n  the  shaft  and  the  pin  is  termed  the  web ; 
a  is  generally  equal  to  that  of  the  crank- 
When  the  crank  is  round  it  is  called  a 
plate  or  disc.  *  The  only  advantage  that 


Side  Crank. 

cular  possesses  over  the  ordinary  form  is 
affords  better  facilities  for  balancing. 

above  outs  represent  the  three  styles  of 

most  commonly  used.    The  disc  crank  is    centre  Crank. 
T  made  of  cast-iron.     Centre  cranks  are 
hen  the  shaft  extends  on  either  side  of  the  exawV.    'TtNfe'^ 
aJJjr  forged  id  one  piece  with  the  shaft.,  Wt  ^ea)t«vv  \\ 
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somewhat.     Side  and  disc  cranks  are  secured  to  the  shaft 
means  of  keys  or  shrunk  on. 

Crank-Pins. 

Probably  no  part  of  the  steam-engine  more  imperatively  requii 
perfection  in  material  and  workmanship  than  the  crank-pin,  if  co 
noiseless  running  is  considered  desirable.  Yet  it  would  be  safe 
say  that  the  cranks  of  most  engines  are  so  imperfectly  fitt^  as  to 
out  of  line  with  their  shafts.  The  most  frequent  causes  of  troul 
with  crank-pins  are  lack  of  parallelism  between  the  pin  and  sha 
imperfect  material,  untrue  turning,  and  inadequate  wearing  surfa( 

It  is  generally  understood  that,  when  a  pressure  exceeding  abo 
SOO  lbs.  per  square  inch  is  imposed  upon  a  journal,  lubricati< 
with  oil  is  no  longer  adequate  to  prevent  destructive  wear.  '. 
the  case  of  crank-pins  this  limit  is  frequently  approached,  and 
some  cases  exceeded.  Very  few  engine  manufacturers  make  th( 
crank-pins  exceed  one-fourth  the  bore  of  the  cylinder  in  diamet 
and  one-third  of  it  in  length,  the  majority  being  short  of  this  pi 
portion. 

Assuming  this  proportion,  and  that  the  rule  for  finding  tl 
effective  wearing  surface  of  a  journal  is  to  multiply  its  diamet 
by  its  length,  a  little  calculation  will  show  that  the  area  of  t 
piston  exceeds  the  wearing  surface  of  the  pin  over  Qy^^  tim< 
Then  suppose  the  piston  to  be  subjected  to  a  pressure  of  85  lbs.  p 
square  inch,  which  is  not  unusual,  the  pressure  on  the  crank-p 
will  be  85  x  9*4  =  799  lbs.  per  square  inch.  If  such  a  pressu 
was  constant,  it  is  very  probable  that  no  material,  perfection  • 
workmanship,  or  lubrication  would  prevent  the  heating  and  8pee< 
detjtruction  of  the  pin  and  boxes;  but  in  the  case  of  the  crank-p 
such  pressures  are  but  momentary,  and  do  not  last  long  enouj 
to  allow  destructive  wear  to  begin.  The  alternating  intervals  ' 
no  pressure  assist  in  the  necessary  redistribution  of  the  lubricaii 
still,  when  we  multiply  the  mean  pressure  on  the  piston  by  t 
number  of  times  that  its  area  exeee(i%  \)ta«X.  <i^  >iftfc\k\\!L  (^eu  tini< 
iu  many  easea),  the  wonder  w\\\  \i^  ^<^^  >^«^^  ^  \xv"asi'^  tj^w^s.  s 
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trouble,  but  that  so  many  do  not.  An  increase  in  the  dimensions 
of  the  pin  would,  it  is  true,  proportionately  diminish  the  pressure 
per  square  inch ;  but  the  loss  of  power,  by  the  increased  friction 
thus  induced,  would  be  equally  as  objectionable  as  the  evil  which 
it  was  intended  to  remove.' 

The  length  of  a  crank-pin  should  be  equal  to  the  horse-power 
of  the  engine  divided  by  the  stroke ;  the  quotient  multiplied  by 
a  coefficient  which  has  been  found  by  experiment  to  range  from 
1*3  to  1*5.    For  instance :  if  a  crank-pin  is  required  for  an  engine 
24"  X  48",  capable  of  developing  250  Hp.,  then  250  -5-  48  x  1-5 
=  7'81,  or  7}f  in.,  which  is  the  required  length. 
,   To  determine  whether  a  crank-pin  is  in  line  with  the  centre  of 
the  cylinder  or  not,  put  on  the  connecting-rod  and  key  the  box  up 
ttug  on  the  pin ;  then  disconnect  the  rod  from  the  wrist  of  the 
cross-head  and  move  the  crank  round,  and  if  the  rod  maintains  a 
.^central  line  in  whatever  position  the  crank'  may  be  placed,  the 
■  crank-pin  is  in  line  with  the  centre  of  the  cylinder.    This  test  will 
-  also  serve  to  prove  the  correctness  of  the  boring  of  the  pin-boxes. 
If  they  are  not  bored  exactly  at  right  angles  to  the  centre  line  of 
the  rod,  troubles  similar  to  those  caused  by  an  untrue  pin  will 
ensue.    Another  oversight  not  generally  thought  of,  and  which 
causes  much  trouble  with  crank-pins,  is  that,  in  planing  off  the 
stub-ends  of  the,  connecting-rod,  the  machinist,  through  ignorance 
or  ioattention,  planes  more  off  one  side  than  the  other.     As  a  re- 
sult, every  time  the  rod  changes  its  position,  the  box  will  pinch  on 
the  crank-pin,  and  cause  undue  heating. 

The  Eccentric. 

The  Eccentric. — An  eccentric  is  substantially  a  crank,  with 
its  pin  enlarged  in  diameter  so  as  to  inclose  the  shaft  on  which  it 
is  placed  within  its  periphery.  It  gives  exactly  the  same  motion 
that  would  be  obtained  from  an  ordinary  crank  of  equal  throw. 
The  eccentric  is  sometimes  called  a  cam,  which  is  ertc^weciw^,  ^^ 
the  latter  js  always  used  to  obtain  a  motion  differeivX,  iTOY£\  N^VaX 
can  be  obtained  from  a  crank.     The   term  "  caw\"   \^\ve\i  vvs.^ 
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three  times  their  diameter,  depending  upon  the  speed.  For  A 
ruuning  at  100  revolutions  per  minute  or  leaa  the  length  need 
be  more  than  1  to  1  j  times  the  diameter,  from  100  to  200reT 
tions  IJ  to  2  times  the  diameter,  and  from  200  to  500  revoW 
their  length  should  be  from  2  to  3  times  the  diameter, 
journals  are  usually  bounded  on  either  side  bj  a  collar  n 
limits  the  lateral  motion  of  the  shaft.  These  should  be  eisi 
rounded  off  so  that  no  sharp  angles  occur  in  the  bearings. 

The  main  bearings,  pedestals,  pillow  blocks,  or  journal  b 
all  of  which  terms  have  the  same  significatiou,  usually  coosi 
boxes  made  of  brass  or  some  anti-friction  metal  carried  in 
iron  pedestals,  which  are  either  bolted  to  tbe  engine  frame  or 
a  part  of  it.  In  some  cases  one  or  more  of  the  bearing 
entirely  independent  of  the  frame  of  the  engine  and  carried 
separate  concrete  or  brick  foundation.  These  are  called 
board  bearings  and  are'  used  when  a  flywheel  or  pulley  is  f 
inside  the  outer  bearing,  that  is,  between  the  bearing  and  the  c 


A  very  common  form  of  pillow-block  is  that  shown  in  tl 
ciinipiiHyiiig  out.  which  consists  of  brass  bearings  carriet 
cast-iron  pedestal.      The   hottorii    plate,  which  is  bolted 
fiiiindathn,  conlains  oliloHg  \»Ai.>a  Sot  aAyisAioif,  its  ^lositio 
furthvr  arijiistmont  is  bad  V>y  means  u^  v\v«i  *ei^*» *i»t«i.\ 
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ate  and  the  main  casting.  The  adjustments  for  taking  up 
iar,  etc.,  require  no  further  explanation.  In  stationary 
s  the  bearings  usually  form  part  of  the  frame,  and  frequently 
le  separating  the  main  box  and  the  cap,  instead  of  being 
ital,  is  at  an  angle  of  about  30^  from  the  perpendicular, 
done  so  that  the  resultant  strain  passes  through  the  solid 
instead  of.  through  the  joint  between  the  box  in  the  cap, 
it  does  when  this  is  horizontal. 

Fly-Wheels. 

object  of  the  fly-wheel  is  to  equalize  the  motion  whenever 
he  power  communicated  or  the  resistance  to  be  overcome 
ble.  In  the  one  case,  the  fly-wheel  may  be  said  to  be  a 
itor  of  power.  The  complicated  impulses,  acting  on  the 
1  motion,  preserve  the  momenta,  without  disturbing  the 
ity  of  movement.  TJie  effect  of  one  impulse  is  so  absorbed 
ibuted  in  the  momentum  of  the  wheel,  that  it  may  be  said 
i  hardly  been  diminished  before  the  next  impulse  is  re^ 

3  other  case,  or  where  the  fly-wheel  is  used  to  overcome  a 
3  resistance,  it  may  be  considered  a  conservator  of  power, 
ver  having  been  exerted  in  getting  up  the  speed,  is  retained 
loving  mass,  and  the  whole  of  the  power  expended,  with  the 
)n  of  that  which  has  been  lost  through  friction  and  resist- 

the  air,  can  be  brought  to  bear  at  any  instant  upon  the 
ce  to  be  overcome.  When  the  crank  and  connecting-rod 
ne  straight  line,  as  they  must  be  twice  in  each  revolution, 
•nk   is  said  to  be  on  its  dead-centre,  because  there  the 

the  piston  is  dead  or  ineffective.  It  is  evident  that,  when 
nk  is  at  right  angles  to  the  connecting-rod,  the  latter  is 
r  the  maximum  of  power;  but  when  the  forward  or  back- 
ead-centre  is  reached,  the  crank  would  remain  there,  but 
action  of  the  fly-wheel,  which,  by  its  accumulated  moraen- 
rries  it  over  the  dead -centre. 
,  through  the  momentum  of  the  fty-v^Yved,  no  ^^\c,^^nj^^^ 
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variation  occurs  in  the  velocity  of  the  engine ;  the  unequal  leve^ 
age  of  the  connecting-rod  is  corrected  and  a  steady  and  uniform 
motion  produced  The  fly-wheel,  as  before  stated,  is  a  relator 
and  reservoir,  and  not  a  creator  of  motion.  As  regularity  of 
motion  is  of  much  greater  importance  in  some  cases  than  in  oth- 
ers, the  weight  and  diameter  of  the  fly-wheel  must  depend  on  the 
work  and  the  character  of  the  machinery  it  is  intended  to  dim; 
so  that,  in  proportioning  a  fly-wheel  to  a  given  engine,  attenUoi 
must  be  paid  to  many  particular  circumstances  rather  than  to  uj 
given  rule.  There  are  circumstances  under  which  the  use  of  a  fly- 
wheel may  be  dispensed  with,  as  where  a  pair  of  engines  work  ndij 
by  side,  whose  cranks  are  at  different  angles,  so  that  one  aaMi 
the  other  to  pass  the  centres,  or  where  smoothness  of  motion  ■ 
not  an  absolute  necessity. 

Great  care  should  be  taken  in  erecting  fly-wheels  to  see  tU 
they  are  balanced — that  is,  that  the  centre  of  gravity  of  tfcl 
wheel  coincides  with  the  centre  of  the  shaft,  as  if  it  does  not  bo4 
the  shaft  and  the  wheel  will  be  subjected  to  unnecessary  straiM, 
which  may  produce  disastrous  results.  The  balaucing  may  be 
accomplished  by  loading  or  cutting  away  portions  of  the  rim,  as 
the  case  may  require,  and  it  may  be  said  in  general  that  the  pe^ 
fectly  circular  form  of  the  wheel  is  of  no  importance  so  long  m 
the  centre  of  gravity  coincides  with  the  centre  of  the  shaft.  The 
effectiveness  of  the  fly-wheel  in  steadying  the  motion  of  the  engine 
depends  upon  the  distance  of  the  metal  from  the  centre,  the  weigkt 
being  the  more  effective  the  greater  its  distance  from  the  centrt 
For  this  reason  the  material  of  which  the  fly-wheel  is  composed 
should  be  concentrated  as  much  as  possible  in  the  rim.  The 
steadying  action  also  varies  as  the  square  of  the  speed  of  the 
rim.  Hence,  increasing  the  diameter  saves  weight.  There  isi 
certain  limit,  however,  beyond  which  the  speed  may  not  be  in- 
crea.sod  without  danger  of  bursting.  The  speed  of  the  rim  ■ 
rarely  above  80  feet  per  second,  and  if  carried  beyond  200  feet 
per  second  tho  strains  produced  \>^  \\v^  Qft\\Vt\^>\^\  tooe  wonH 
prohiihly  he  sufficient  to  rupture  \\ve  ^\v^^. 
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ly-whcfels  sxid  nearly  always  made  of  cast  iron,  aild  when  not 
f  large  are  cast  in  a  single  piece.  Very  large  wheels,  how- 
r,  are  often  cast  in  sections,  because  of  the  difficulty  of  hand- 
l  as  well  as  the  expense  of  making  very  large  castings.  In 
ti  cases  one  .section  of  rim.  is  often  cast  with  one  arm  and  one 
ion  of  the  hub ;  more  frequently,  however,  the  arms  are  cast 
eurately,  the  rim  in  as  many  sections  as  there  are  arms,  and 
hub  in  two  sections.  The  sections  of  the  rim  are  held  to- 
her  by  means  of  links  and  cotters,  while  the  arms  are  dove- 
ed  into  the  rim  and  the  hub  and  secured  by  wedges.  The 
yes  of  the  hub  are  bolted  together.  The  arms  of  fly-wheels 
>uld  be  made  of  sufficient  size  to  support  the  weight  of  the  rim. 
ey  merely  act  as  distance  pieces  between  the  hub  and  the  rim, 
1  their  weight  adds  little  to  the  effectiveness  of  the  fly-wheel, 
e  arms  are  usually  given  a  slight  taper,  increasing  in  thickness 
m  the  rim  to  the  hub,  to  provide  resistance  against  the  bending 
ess  due  to  their  own  centrifugal  force. 


CHAPTER  XVIII. 


VALVES  AND  VALVE  GEARS. 


The  term  valve  gear  embraces  all  intermediate  connections  be- 
3en  the  eccentric  on  the  driving  shaft  and  the  valves,  and  is 
plicable  to  all  mechanical  arrangements  employed  for  working 
>  valves  of  steam  engines. 

The  valves  most  generally  employed  for  the  admission  of  steam 
the  cylinders  of  steam  engines  are  the  slide,  poppet,  Corliss  or 
nirotary,  and  rotary ;  plug-  or  piston-valves  are  also  used,  but 
aerally  for  steam-pumps.  All  valves,  whether  used  for  the 
mission  or  escape  of  steam  to  or  from  the  cylinders  of  steam 
pneSy  receive  their  motion  from  cams,  eccentrics,  ot  e.T^\^^. 
hatever  the  device  employed  to  /^ive  motion  to  t\\^  \«\Ne^  xck^-^ 
termed,  whether  cams,   eccentrics,  cranks,  geatrng,  TOQ^zjet^- 
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wrist  plates,  toes,  lifters,  trips,  links,  rods,  levers,  eta,  thej 
be  placed  under  the  head  of  valve-gear. 

There  are  engines  without  valves,  such  as  the  Wardwdl,  whid 
was  on  exhibition  at  the  Centennial  Exposition  at  Philadelphii 
and  some  kinds  of  oscillating  engines,  in  which  faces  on  the  cy\ 
inder  fit  against  faces  on  stationary  steam-chests,  through  whid 
the  steam  enters  and  escapes  from  the  cylinder.  Such  arnmgs 
ments  are  now  but  rarely  used,  because  they  possess;  inherent  dc 
fects  which  render  them  useless  for  the  most  important  purpose 
for  which  the  steam  engine  is  employed. 

A  ''  releasing  "  valve-gear  is  an  arrangement  in  which  the  vahn 
is  liberated  from  the  control  of  its  moving  agent,  and  allowed  U 
close  in  obedience  to  the  action  of  a  spring,  weight,  or  other  fbni 
independent  of  that  which  opened  it.  The  agent  which  deter 
mines  the  time  of  release  may  be  the  governor,  or  it  may  be,  and 
often  is,  some  device  adjustable  by  hand.  * 

An  automatic  cut-off  valve-gear  is  one  in  which  the  moveoMBl 
of  the  cut-off  valve  is  so  controlled  by  the  governor,  as  to  cut  off 
the  steam  as  early  or  as  late  in  the  stroke  as  may  be  required,  ts] 
maintain  the  desired  uniformity  of  speed,  under  variations  of  lod 
and  pressure. 

A  positive  cut-off  is  an  arrangement  of  valve-gear  by  whid 
the  expansion  of  the  steam  is  effected  by  what  is  known  as  lap  (• 
the  valve,  the  steam  being  cut  off  at  the  same  point  in  each  stroke^ 
independent  of  load  or  pressure. 

An  ^^  adjustable  "  cut-off  is  an  arrangement  of  valve-gear,  ii 
which  the  point  of  cut-off  can  be  adjusted  by  the  hand  of  the» 
^ineer,  outside  of  the  steam-chest,  by  means  of  a  screw,  hand-wbedi 
or  other  nieclianical  arrangement,  to  meet  the  requirements  rf 
work  and  })ressure.  The  link,  in  its  application  to  the  steam-* 
gino,  holonjrs  to  this  class  of  cut-offs,  as  it  effects  the  adjustmeiii 
of  tlie  cut-off  by  means  of  coincident  variations  in  the  travel  and 
an;,»'ulnr  advauce  using  a  single  valve. 
Riding  cut- off. —  A  term  appWeA  Vo  cwVoS  ^^^^  ^iihlch  riA 
on  the  buck  of  the  main  steaux-vaVv^. 

I 
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idependent  cut-off  is  one  in  which  the  expansion  is  effected 
ndependent  or  auxiliary  valve  riding  on  the  back  of  the 
alve,  and  receiving  its  motion  from  an  independent  eccen- 

'  expansion  "valve-gear  is  one  that  cuts  off  the  supply  of 

at  any  required  point  of  the  stroke.     It  embraces  all  the 

Qg  arrangements. 

vhole  "  stroke  valve-gear  is  one  that  admits  steam  through 

ole  length  of  the  stroke. 

*ever8ing  "  valve-gear  is  an  arrangement  employed  for  re- 

the  motion  of  engines.  It  is  effected  in  different  ways  :  in 
ases  with  a  single  eccentric,  while  in  others  with  two  ec- 
3,  as  in  the  case  of  the  link ;  and  in  others,  still,  by  means 
ose  eccentric  which  revolves  on  the  shaft,  but  is  prevented 
laking  a  complete  revolution  by  two  stops  so  placed  that 
•ests  it  in  the  proper  position  for  the  forward,  and  the  other 
backward  motion.  This  arrangement  is  peculiarly  adapted 
)oats  and  ferric,  owing  to  the  ease  and  quickness  with  which 
;ine  can  be  reversed. 

t)le-beat  valves  are  *  poppet-valves  so  arranged,  that  the 
e  of  steam  is  nearly  equal  on  both  sides,  tlius  rendering  the 

of  the  valve  much  easier  than  in  the  case  of  an  ordinary 
)eat  valve. 

ittle- valves  are  valves  located  in  the  steam  pipe,  through 
steam  is  admitted  to  the  steam  chest.  Every  engine  is 
rith  a  throttle  valve,  which  is  turned  off  when  the  engine  is 
but  down. 

ef- valves  are  used  on  the  cylinders  of  large  engines,  par- 
ly marine,  to  prevent  fracture  of  the  cylinder-head  and 
T,  in  consequence  of  an  accumulation  of  water  in  the  latter. 
a  greater  pressure  is  exerted  in  the  cylinder  than  would 
from  the  ordinary  pressure  of  the  steam,  the  relief-valve 
en  and  admit  of  the  discharge  of  the  water,  thus  avertm^ 
ident.  They  are  used  on  fire-enginea  for  l\\^  ^wt^o^^  oi 
25 
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preventing  the  hose  from  bursting  when  the  escape  of  the  wi 
is  obstructed. 

Balance-valves. — Arrangements  by  which  the  weight  on 
back  of  slide-valves,  induced  by  the  pressure  of  the  steam,  ii 
lieved  by  the  action  of  the  steam  in  the  steam-chest. 

Rotary-valves. — A  term  applied  to  any  valve  that  describ 
revolution  in  working. 

Semirotary-valves. — A  term  applied  to  all  valves  similai 
the  Corliss  that  have  a  vibratory  or  rocking  motion. 

Starting -valve  gear. — A  mechanical  arrangement  employe 
connection  with  a  small  engine,  called  the  starting-engine, 
moving  the  valves  of  large  engines  when  stopping  or  starting. 

Gridiron-valves. — A  modification  of  the  slide-valve,  contau 
a  number  of  openings  for  the  steam,  by  which  means  its  tr 
and  friction  are  materially  diminished. 

Dash-pot. — An  arrangement  employed  for  closing  the  va 
of  engines  of  the  Corliss  type,  and  in  many  instances  for  arres 
the  closing  movement  when  it  is  sudden  and  violent.  The  d 
pots  contain  usually  either  water  or  oil,  though  in  many  instai 
they  are  cushioned  with  air. 

Spring-levers.  —  Arrangements  employed  for  closing  sen: 
tary-  and  poppet-valves.  They  are  a  substitute  for  the  dash- 
which  lias  many  advantages  over  them,  on  account  of  the 
agreeable  noise  induced  by  their  workings. 

Lifters. — A  term  applied  to  the  toes  on  the  lifting-rods,  wl 
open  and  close  the  valves  of  steam-engines,  particularly  tl 
constructed  with  what  is  called  a  Stevens'  front. 

Wrist-plate. — An  arrangement  employed  in  engines  of  the  < 
liss  type  for  transmitting  the  motion  of  the  eccentric  to  the  val 
and  in  many  instances  for  modifying  their  throw  or  movemen 

Trips. — A  term  applied  to  the  pawls  which  liberate  the  va 
of  engines  having  what  is  termed  a  releasing-valve  gear. 

Crab-claw. — A  term  applied  to  the  pawls,  which  liberate 
valve-ge&r  of  engines  of  the  Corliaa  type  from  the  influeDC( 
^ccentsicj  when  the  point  oi  cuVqS  \s»t^sw^^. 
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The  SUde-Talye. 

16  function  of  the  common  slide-valve  is  to  admit  steam  to 
»iston  at  such  times  when  its  force  can  be  use^lly  expended 
ropelling  it,  and  to  release  it  when  its  pressure  in  the 
der  is  no  longer  required.  Notwithstanding  its  extreme 
licity  as  a  piece  of  mechanism,  no  part  of  the  engine  is  more 
;ing  to  the  average  engineer  when  the  problem  to  be  solved 

determine  beforehand  the  results  which  will  be  produced 

given  construction  and  adjustment,  or  the  proportions  and 
itment  required  to  produce  given  results.  All  who  have  had 
3xperience  in  constructing  and  setting  slide-valves  are  aware, 
general  way,  that  the  events  of  the  stroke  cannot  be  inde- 
ently  adjusted;  that,  for  instance,  a  cut-off  earlier  than  about 
i-fourths  of  the  stroke  can  only  be  had  at  the  expense  of  more 
38  distortion  of  the  other  events,  and  that  for  some  reason,  not 
ys  apparent,  it  is  impossible  to  completely  equalize  the  events 
le  two  strokes,  occurring  during  one  revolution, 
jfore  explaining  the  action  of  the  slide  valve  and  the  methods 
ivestigating  the  distribution  of  steam  it  will  be  necessary  to 
Iv  define  some  of  the  terms  used  in  this  connection. 
Imission. — The  period  during  which  the  steam  passages  are 

and  steam  is  admitted  behind  the  piston. 
chaust. — The  period  during  which  the  exhaust  passages  are 

and  the  steam  is  exhausted  from  the  cylinder. 
it-off. — The  point  in  the  stroke  at  which  the  steam  port  closes. 
[pension. — The  period  during  which  the  steam  expands  in 
sylinder,  beginning  at  the  point  of  cut-off  and  continuing  until 
team  is  released  or  the  exhaust  port  is  opened. 
)mpression. — ^The  period  during  which  the  steam  is  com- 
ed,  which  is  from  the  time  the  exhaust  port  closes  until  the 
>f  the  stroke. 

igulaf  advance,  the  angle  which  would  be  formed   by  tKo. 
itric  when  in  hs  actual  position  with  the  pos\t\OTv  o^  \\v^  ^e,e.^w- 
vrrespondiDg  to  the  central  position  of  the  V\3i\Ne,  \)cie  ox^^c^ 
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being  on  its  dead  point.  In  other  words,  it  is  the  angle  by  whidi 
the  ecdentric  is  in  advance  of  the  position  necessary  to  bring  the 
valve  to  its  central  position,  when  the  crank  is  on  a  dead  centre. 

Travel  of  the  valve,  the  total  distance  which  the  valve  moY« 
in  one  direction.  If  the  valve  rod  were  of  infinite  length,  or  if  » 
yoke  connection  were  used,  this  would  be  equal  to  twice  the  throw 
of  the  eccentric.     (See  page  378.) 

Overtravel  is  the  distance  travelled  by  the  valve  over  and  aboie: 
that  necessary  to  fully  open  the  steam  port. 

Lap  on  the  Valve. — The  term  lap  on  the  valve  denotes  the 
amount  the  edges  of  the  valve  extend  over  the  ports  when  the 
valve  is  in  the  centre  of  its  travel.  The  object  of  lap  is  to  secuie 
the  benefit  to  be  derived  from  working  steam  expansively.  Lap 
on  the  steam  side  is  termed  outside  lap,  while  lap  on  the  ex- 
haust side  is  termed  inside  lap.  Poppet  or  conical  valvei 
cannot  have  any  lap,  but  the  same  efiect  is  produced  as  in  tba 
case  of  the  slide  valve  by  arranging  the  cams  and  lifting  toes  n 
that  the  valve  may  close  at  the  proper  time  to  give  the  necenarj 
degree  of  expansion.  The  lift  of  poppet  valves,  to  give  an  opeo- 
ing  equal  to  the  area  of  the  port,  is  i  the  radius  or  t  the  diameter. 

Lead  is  the  amount  the  port  is  open  at  the  beginning  of  the 
stroke.  The  object  of  lead  is  to  enable  the  steam  to  act  as » 
cushion  against  the  piston  before  it  arrives  at  the  end  of  thestroke^ 
to  cause  it  to  reverse  its  motion  easily,  and  also  to  supply  steam 
of  full  pressure  to  the  piston  the  instant  it  has  passed  dead-centra 
It  varies  in  different  engines  from  -^^  to  -j^,  without  regard  to 
size  or  kind.  Some  valves  have  no  lead  at  all,  others  less  than 
none,  or  what  is  termed  "  negative  lead."  The  higher  the  speed 
and  the  more  irregular  the  work  the  more  lead  will  be  required 
for  any  engine. 

Loss  of  lead  is  a  term  employed  to  express  the  inequalities  of 
the  lead  at  the  two  ends  of  the  cylinder  induced  by  the  expansioa 
of  valve-rod.     It  may  occur,  however,  at  both  ends,  through  Iflrf 
motion  in  the  joints  or  disp\acemeii\  c^^  \)cv^  ^^i^fciifctvc.  I 

Lead  on  the  steam  end  is  a.  ^^^  «u^^\\^^  \ft  VJa^  %a»Ki^4' 
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Fig.  3. 

tie  aoaexod  OutB  ebow  the  Position  of  the  BWde-'^ai^e  tt^ 
TJuve  dlS&rent  PointB  in  ite  Travel,     (.See  explaixatioTt  m^ 
pape  390.) 
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« 


opening, the  valve  has  at  the  end  of  the  cylinder  into  which  d 
steam  is  entering.  Lead  on  the  exhaust  end  means  the  amou 
of  opening  the  valve  has  on  the  end  from  which  steam  is  escapii 
The  name  applies  alternately  to  each  end  of  the  cylinder. 

Line  and  Line. — A  term  applied  to  slide-valves  when  th 
have  no  exhaust  lead,  as  shown  in  the  cut,  on  page  389. 

Fig.  I,  page  389,  represents  the  position  of  the  piston  and  vah 
at  the  beginning  of  the  stroke,  when  the  latter  is  just  commenei 
to  open.     The  motion  of  both,  as  will  be  observed,  is  to  the  left 

Fig.  2  shows  the  relative  position  of  the  piston  and  val 
at  about  t  of  the  stroke ;  supposing  the  travel  to  be  equal  to  t 
sum  of  the  width  of  both  steam  ports  and  the  steam  lap  at  bo 
ends,  so  that  the  ports  will  be  just  opened  full  for  the  steam,  t 
valve  will  be  moving  to  the  left.  When  the  piston  reaches  t 
left  end  of  its  stroke  the  valve  will  have  moved  to  the  right  t 
it  begins  to  admit  steam. at  the  left-hand  end,  just  as  Fig. 
shows  the  admission  taking  place  at  the  other  end,  and  during  tl 
return  stroke  the  conditions  represented  by  Figs.  2  and  3  will  fc 
low  in  succession,  at  nearly  corresponding  points  in  the  travel  ( 
the  pistons.  If  the  piston  were  connected  to  the  crank  by  raeai 
of  a  slotted  yoke,  the  events  of  the  two  strokes  would  occur 
exactly  corresponding  points  in  the  travel  of  the  piston,  but  tl 
connecting  rod  unavoidably  introduces  a  certain  amount  of  di 
tort  ion. 

Fig.  3  shows  the  position  of  the  valve  at  mid-travel.  Tl 
compression  at  the  left  end  toward  which  the  piston  is  movii 
has  just  commenced,  and  the  exhaust  is  about  to  take  place  fro 
the  other  end.  The'events  which  occur  in  connection  with  the  sli 
valve,  viz.,  admission,  cut-off,  release,  and  compression,  are  usual 
investigated  with  the  aid  of  the  Zouner  diagram,  a  brief  explac 
tion  of  which  will  be  given  in  the  following  paragraph.* 

*  There  are  minierous  graphical  methods  employed  for  investigating  t 
motions  of  v/iives,  but  the  whole  swbjeet  is  too  intricate  to  be  fully  explain 
'"  this  book.      The  reader  is  referred  Vo  "  \  ^\n^  Q^^^t^V  "^1  ^.^  .^^kss^! 
wre  tboroufrh  treatment  of  \.\\e  ^\A>^<ic\.. 
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The  Zenner  Blagram. 

aw  B  line  0  X  to  represent  the  crank  at  the  banning  of  the 
?,  and  with  thi»  as  a  radius  draw  the  crank  circle  XX„  X„  X„ 
Suppose  the  crank  to  turn  in  the  direction  of  the  arrow. 
igh  the  point  0  draw  the  line  R  S,  making  l^e  angle  K  0  Y' 
to  the  angle  of  advance,  and  lay  off  the  distances  OR&nA 


Zeuner  DlaErram. 


equal  to  the  eccentricity  or  throw  of  the  eccentric.  On  the 
0  R  and  0 R'  as  diameters  draw  the  two  circles  00 R  D 
')  E  R'  F.  With  0  as  a  centre  and  a  radius  0  A  equal  to 
utside  or  steam  lap  draw  a  circle  A  C  D,  and  similarly 
a.  radius  0  B  equal  to  the   inside  or  exhaust  la.'^,  di^-w  «. 

B  EF.     Through  the  point  0  and  the  mteTsej*A\w£v%  C,T>, 
1 1' draw  the  lines  0  X„  O  X,,  0  X„  and  OX*.     "^  e  ■w^ 
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now  able  to  take  from  the  diagram  all  of  the  data  necessary  fori 
complete  understanding  of  the  distribution  of  steam  in  tbe  cyl- 
inder : 
0  Xi  is  the  position  of  the  crank  when  admission  of  th^  stean 

begins. 
0  Xi  is  the  position  of  the  crank  when  cut-off  takes  place,  henoe 
Xi  0  X2  is  the  angle  traversed  by  the  crank  during  the  period  of 

admission. 
0  Xi  is  the  position  of  the  crank  when  the  exhaust  opens. 
0  Xi  is  the  position  of  the  crank  when  the  exhaust  closes,  henoe 
X3OX4  is  the  angle  traversed  by  the  crank  during  the  period  of 

exhaust,  and 
Xi  0  Xi  is  the  angle  traversed  by  the  crank  during  the  period  rf 

compression. 

The  distances  from  the  intersection  of  the  circles  R  and  R'  witk 
the  lines  OX,  0  Xi,  etc.,  representing  the  crank  in  its  differed 
positions  to  the  centre,  represent  the  travel  of  the  valve  correspoDi 
ing  to  tliose  positions  of  the  crank.  The  circle  R  represents  thi 
forward  and  the  circle  R  the  return  stroke,  hence 
OA^is  the  distance  the  valve  has  travelled  from  its  central  pofr 

tion  at  the  beginning  of  the  stroke. 
0K\  the  same  for  the  return  stroke. 
0  ^  is  the  outside  or  steam  lap,  hence 
A  K'la  the  distance  the  steam  port  is  open  at  the  beginning  of  the 

stroke  or  the  steam  lead. 
OR  is  the  full  travel  of  the  valve. 
0  B  is  the  inside  or  exhaust  lap,  hence 
B  K  h  the  distance  the  exhaust  port  is  open  at  the  beginning  of 

the  stroke  or  the  exhaust  lead. 

At  the  points  C'and  Z>  the  travel  of  the  valve  is  just  equal  tt 

the  outside  lap;  hence  in  these  positions  of  the  crank  thestei* 

port  opens  and  closes  respectively;  siniilarly  at  the  points -Eaw 

F  the  travel  is  just  equal  to  the  exhaust  lap;   hence,  in  the* 

pos^itions  of  thv.  crank  the  ox\\a.v\^t  ^ort  opens  and  closes  respect- 

Ve/j.     If  we  lay  down  from  l\\e  \>^\\\\.  A  ^  ^veX-wci^  A.'R.ws^ 
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ihe  width  of  the  port,  and  with  0  as  a  centre  and  a  radius 

f,  draw  an  arc,  cutting  the  line  0  R  ^t  J, 

*.  is  the  distance  the  valve  travels  more  than  enough  to  fiilly 

open  the  port,  or  the  over-travel. 

imilarly  if  we  lay  off  from  B  the  distance  B  L,  equal  to  the 
th  of  the  port,  and  from  the  centre  0  and  a  radius  equal  to 
i  draw  an  arc,  cutting  the  line  OE  tit  M. 
^  is  the  distance  the  valve  travels  more  than  enough  to  fully 

open  the  port  to  the  exhaust. 

:  will  thus  be  seen  that  by  a  careful  study  of  the  diagrajn  all 
rmation  necessary  for  the  proper  design  and  setting  of  the 
7e  gear  may  readily  be  hadi  For  example,  in  the  above  dia- 
tti  the  cut-off  takes  place  a  little  later  than  f  stroke.  It  is 
lent  that  if  it  is  desired  to  have  the  cut-off  take  place  earlier, 

at  i  stroke,  it  will  be  necessary  for  the  outside  lap  circle, 
7  Dy  to  intersect  the  valve  circle  B  in  the  line  Y  Y\  This 
T  be  accomplished  by  increasing  the  outside  lap,  by  reducing 
eccentricity,  or  by  changing  the  angle  of  advance.     However, 

one  of  these  changes  would  also  affect  th^  entire  distribution, 

it  would  probably  be  necessary  to  lay  down  several  diagrams 
)re  the  most  advantageous  dimensions  could  be  obtained. 

How  to  Set  the  Valves  of  Steam-Engines. 

lo  definite  instructions  that  would  apply  to  all  cases  can  be 
ju  for  setting  the  valves  of  steam-eugines.  As  the  circura- 
ices  under  which  the  engines  and  valves  are  employed  must, 
,  certain  extent,  influence  and  control  this  operation,  fast-run- 
y  engines  require  more  lead  than  those  that  run  slowly.  En- 
38  doing  heavy  and  irregular  work  also  require  more  lead  than 
je  working  with  a  uniform  load.  Some  engines  require  no  lead 
,11,  while  others  require  .a  great  deal. 

"he  valves  of  a  steam-engine  may  be  adjusted  with  great  ac- 
icy  by  an  intelligent  and  practical  engineeT,  ^ton\^\w%  "^^"^^ 
the 'valve-gear  is  of  correct  proportions',  \>w\.  tWx^  «ut^  ^\*Svr 
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culties  to  be  contended  with  which  frustrate  the  eflTorts  of  the  most 
practical  mechanics^  and  must  ever  do  so,  unless  we  discover  t 
new  material  for  valves  and  valve-gear.  Valves  may  be  set  with 
the  nicest  mechanical  accuracy,  opening  and  closing  the  ports  witfa 
precision  when  the  Valves  and  valve-gear  are  cold ;  but  when  ex- 
posed to  high  temperatures  they  may  be  far  from  accurate  in 
their  travel.  All  metals  expand  with  heat  and  contract  with  cold, 
and  a  valve  that  will  give  uniform  lead  at  each  end  of  the  strob 
when  cold,  will  not,  in  all  probability,  do  so  when  exposed  to  the 
action  of  the  steam,  as  the  valve  and  valve-rod  will  expand,  pro- 
duce  a  loss  of  lead,  increase  the  amount  of  lap,  and  alter  the  con- 
ditions under  which  the  engine  was  intended  to  work. 

This  change  is  not  confined  to  slide-valve  engines,  as  the  stem 
of  poppet-valves  are  lengthened  by  expansion,  decreasing  the  lift 
and  also  the  lead,  and  inducing  a  very  different  condition  of  thingi 
from  what  would  exist  if  the  valves  could  be  used  at  the  temper*-* 
ture  at  whicli  they  were  adjusted.  Thousands  of  indicator  dia- 
grams show  conclusively  that  the  behavior  of  valves,  when  expoeeJ 
to  high  temperature,  is  very  different  from  ,what  they  are  whfll 
cold.  One  of  tlie  best  aids  to  correct  valve-setting  is  a  good  indi- 
cator, as  nothing  shows  the  action  of  the  steam  in  the  cylinders* 
correctly  as  this  instrument.  It  tells  exactly  when  the  steam  goei 
in  and  out  of  a  cylinder,  i)ecause  it  maps  down  the  motions  of  the 
steam  as  determined  by  the  motions  of  the  valve  and  piston,  re- 
cording faithfully  the  times  and  pressures  as  they  actually  are. 

To  set  a  slide-valve,  place  the  crank  on  the  dead-centre  aiKl 
the  valve  centrally  on  its  seat  over  the  ports;  then  adjust  titf 
valve-gear  to  the  right  length,  and  move  the  eccentric  round  ii 
the  direction  in  which  the  engine  is  intended  to  run,  until  thi 
proper  load  is  attained,  as  shown  in  Fig.  1,  page  389 ;  then  turn  thi 
engine  on  the  o])posite  centre,  and,  if  the  lead  is  exactly  the  saffl^ 
the  valve  oiiglit  to  travel  equally  on  its  seat,  and  the  exhaurf 
aj)j)e{ir,  as  in  Fig.  2,  jiage  389.  Any  difference  in  the  lead  •* 
cither  end  must  be  equalized  \)y  \cv\^\>A«vivci^  qt  shortening  th« 
Viilve-gcar,  a.s  the  case  may  be. 
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in  intelligent  engineer  can  generally  tell  by  observation  whether 
ines  exhaust  regularly  or  not ;  as,  if  the  steam  is  discharged 
h  long  or  short  puffs,  alternately,  or  shows  what  is  technically 
ned  a  long  and  short  leg,  it  is  evident  that  the  valve  has  an 
lier  and  a  freer  exhaust  at  one  end  than  at  the  other;  never- 
less,  one  exhaust  may  be  heavier  than  the  other,  and  yet  the 
irvals  between  them  may  be  equal.  In  such  cases  the  exhaust 
^qual  as  to  time,  but  not  as  to  amount.  The  difference  in 
3unt  may  be  caused  by  unequal  degrees  of  expansion,  and  this 
turn  may  be  caused  by  unequal  cut-off,  or  unequal  clearance, 
both.  Such  inequality  cannot  be  cured  by  mere  adjustment, 
36  the  lap  requires  to  be  changed ;  but  in  most  cases  an  im- 
•vement  may  be  effected  by  a  compromise  between  equalized 
roff  and  exhaust,  so  that  the  effects  of  the  inequality 'of  both 
aid  not  be  noticeable. 

n  the  case  of  fast-running  engines,  or  where  the  exhaust  has 
pass  through  long  pipes,  this  inequality  is  not  easily  determined 
m  the  appearance  of  the  exhaust ;  but  it  may  be  done  more 
iurately  by  holding  the  ear  close  to  the  exhaust  pipe.  This 
ter  method  may  also  be  resorted  to  in  the  case  of  low-pressure 
^nes  exhausting  into  a  condenser. 

m  to  Determine  the  Amount  of  Lap  and  Lead  on  a  Yalve 
dthout  Opening  the  Steam-Chest,  and  whether  it  is  Equal 
it  hoth  Ends  or  not. 

3pen  the  cylinder  drain-cocks  and  disconnect  them  from  the 
p-pipes,  so  that  the  steam  may  be  seen  and  heard  to  issue  from 
m.  A  better  plan  is,  to  open  the  holes  made  for  the  indicator, 
here  are  any;  at  all  events,  open  as  large  holes  as  possible ;  then 
in  a  very  little  steam,  turn  the  engine  around  by  hand,  and 
,e,  by  the  commencement  and  cessation  of  the  flow  of  steam, 
it  where  the  steam  is  admitted  and  cut-off.  The  point  of  cut- 
can  be  most  accurately  ascertained  by  turum^  l\\^  ^w^\>ife 
ikwards;  the  steam  will  in  this  case  commence  \Aomvi^ '^^^»  ^^ 
e  point  In  the  stroke  at  which  it  would  ceas,e  XAomxi^  N^Vec 
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turning  it  forward ;  and,  owing  to  the  elasticity  of  steam,  die 
commencement  of  the  issue  is  always  more  clearly  defined  than 
the  cessation,  particularly  when  the  issuing  orifice  is  small.  For 
the  same  reason,  the  point  of  admission  can  he  most  accoratelf 
located  by  turning  the  engine  forward. 

To  determine  the  lead,  having  found  the  point  of  admissioi, 
make  a  mark  on  the  valve-stem  at  a  known  distance  from  somt 
fixed  point,  and  another  after  the  pin  has  reached  the  centre ;  tha 
will  give  the  lead.  If  the  admission  forward  takes  place  when  tbi 
crank-pin  is  exactly  on  the  dead-centre,  there  is  no  lead.  Haviog 
obtained  the  lead  and  cut-ofiT  for  both  ends,  the  travel  and  lengtk 
of  the  connection  being  known,  a  diagram  may  be  constructed  sin* 
ilar  to  that  on  page  391,  which  will  give  the  lap  and  port-openinj^ 

The  point  of  exhaust  and  compression  cannot  be  determined  n 
readily.  With  a  small  engine,  in  which  the  piston  and  valve  an 
steam-tight,  the  points  may  be  ascertained  by  blowing  into  the  cyl- 
inder thrpugh  pipes  attached  to  the  cylinder-cocks  or  the  holes  fx 
indicator,  if  any.  The  exhaust  would  be  indicated  by  the  point 
where  the  air  would  begin  to  pass  through  into  the  exhaust,  and 
the  closure,  by  noting  the  point  where  it  ceased  to  pass  through. 

But  in  engines  of  any  size,  especially  leaky  ones,  the  plan  of 
blowing  iu  with  the  mouth  would  be  inapplicable.  With  non- 
condensing  engines,  however,  much  may  be  learned  by  listenii< 
to  the  exhaust ;  if  the  puffs  occur  at  equal  intervals,  and  are  of 
equal  force,  good  equalization  may  be  inferred ;  and,  if  they  art 
short,  quick,  and  free,  and  are  followed  by  a  free  and  nearly  noise- 
less escape  of  the  residuary  steam,  the  exhaust  is  early  and  amplt 
enough.  On  the  other  hand,  too  late  an  exhaust  will  produoa 
more  prolonged  and  labored  puffs.  It  is  needless,  however,  to 
remind  the  reader  that  nothing  can  take  the  place  of  the  indicator 
for  determining  all  the  conditions  and  adjustments  of  the  valv^ 
particularly  its  exhaust  and  compression,  as,  even  when  the  nicefit 
measurements  and  calculations  are  resorted  to,  doubts  may  still 
exj/^t  as  to  the  truthful  movei\\ei\\s  oi  \)si^  N^We^  which  nothiflf 
but  uii  applicdiiou  of  the  iudicalor  e,«ia  «.«i\\«i«iKJ(ftT^^  x^soi^^^ 
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in  the  travel  of  the  valve  is  kaowu,  aud  the  point  of  cut- 
ided,  the  following  table  will  show  the  amount  of  lap  r&- 
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The  Travel  of  the  Piaton  when  the  Steam 
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e  for  finding  the  point  of  cut-off  required  to  produce  a  given 
lal  from  a  given  initial  pressure, 

a  vahe  has  i  lap,  it  wiJ/ overlap  each  Btewn-porV  \*jS  aa'wiOa  "»"*«» 

latrall/  over  tbera. 
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Divide  the  total  termiual  by  the  total  initial  pressure.  TIm 
quotient  will  be  the  point  of  cut-off  in  decimal  parts  of  the  strokei 

Example. — Initial  pressure,  20  lbs.  per  sq.  in.  Terminal,  13  lb&, 
measured  from  a  vacuum.  Then  13  lbs.  -^  20  =  '65  of  the  stroke; 
or  divide  the  volume  of  the  initial  by  that  of  the  terminal,  the 
quotient  will  be  the  point  of  cut-off  in  decimal  parts  of  the  stroka 

Example —Vol.*  of  20  =  1220.  Vol.  of  13  =  1846.  TImb 
1220  -^  1846  =  .663.  of  the  stroke. 

Rule  for  finding  the  point  of  cut-off  when  the  initial  and  men 
'  pressure  are  known. 

Add  the  pressure  of  the  atmosphere  to  the  initial  and  men 
pressures,  and  divide  the  mean  pressure  by  the  initial.  Then  find' 
in  the  table  of  multipliers,  page  328,  the  number  nearest  the  q 
tient.  Find  the  number  opposite  to  it  in  the  expansion  column 
and  divide  100  by  it;  the  quotient  will  be  the  point  of  cut-off  ia 
decimal  parts  of  the  stroke. 

Example. — Stroke  of  piston,  10  ft.  Initial  pressure,  10  lbs.  ptf 
iq.  in.  Mean  pressure,  8  lbs.  Mean  effective  pressure,  atmo* 
phere  added,  22*50.  Initial  pressure,  atmosphere  added,  24'5l 
Quotient  of  first  divided  by  last,  '918.  Expansion  number  in  table 
opposite,'919,  which  is  nearest  number  to  above  quotient,  l'6;100-i- 
1'6  =  '625  or  f  of  the  stroke.  Either  of  the  foregoing  rules  will 
make  the  cut-off  take  place  a  trifle  earlier  than  it  would  in  practice 

DiflFerent  Forms  of  Slide  ValTes. 

A  certain  amount  of  power  is  always  consumed  in  driving 
valve,  because  the  pressure  acting  on  the  back  of  it  causes  firio* 
tioual  resistances,  which  in  some  cases  are  very  considerable,  ft 
has  been  assumed  by  some  authorities  that  as  much  as  one-fourtli 
of  the  power  of  an  engine  is  wasted,  while  others  claim  that  the 
loss  of  power  is,  merely  nominal.  An  idea  has  been  very  geno^ 
ally  entertained  by  encrineers  that  the  number  of  square  inches  ia 
a  slide-valve,  and  tlie  pressure  of  steam  in  pounds  per  square  iochi 
represented  the  total  pressure  oiv  \l§>  WeV.  •,  ot,  mother  words,  that 

^  See  Table  of  \o\\xm^*,  ^^^\^^. 
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*e8sure  was  equal  to  the  total  pressure  of  steam  on  the  back 
alve,  minus  the  upward  pressure  on  an  area  equal  to  that 
3  steam  ports.  This  method  of  calculating  the  pressure  on 
live  seat  is  not,  however,  entirely  correct,  because  the  num- 
^  square  inches  in  a  slide-valve,  and  the  pounds  pressure  per 
e  inch,  represent  only  the  weight  on  its  back  if  we  consider 
live  as  a  solid  block  of  iron,  with  a  smooth  surface  resting  on 
)oth,  solid  bearing,  perfectly  steam-tight,  in  which  case  the 
would  press  on  every  square  inch  of  surface  with  the  same 
as  a  dead  weight.  There  is  good  reason  to  believe  that  such 
tions  are  never  found  in  a  slide-valve,  except  in  one  position, 
vhen  the  valve  overlaps  both  poxts  and  the  engine  is  at  rest. 
DD,  however,  as  the  valve  moves,  the  steam  enters  the  open  port, 
he  pressure  is  partially  taken  off  that  end  of  it.  There  is  no 
;,  however,  that  in  many  cases  the  power  required  to  operate 
alve  is  very  great,  and  the  better  the  slidei,  valve  fits  the  seat 
lore  power  it  will  take  to  work  it.  A  valve  that  fits  its  seat 
ately — that  is,  in  such  a  way  that  there  can  be  no  leakage  of 
I  between  its  face  and  the  seat — ^requires  much  more  power 
ive  it  than  one  which  is  leaky,  because  the  pressure  of  the 
I  is  all  on  the  seat  and  there  is  nothing  to  lessen  the  friction 
>t  the  lubrication.  * 

e  piston  valve  has  been  designed  to  meet  this  difl5culty.  This 
of  slide  valve  is  illustrated  in  the  accompanying  cut,  which 
sents  the  cylinder  and  valve  of  the  Armington  &  Sims  en- 
It  will  be  observed  that  in  this  piston  valve  the  steam, - 
id  of  producing  pressure  on  the  seat,  is  evenly  balanced, 
;onsequently  the  only  pressure  against  the  seat  is  that  due  to 
eight  of  the  valve ;  for  this  reason  these  valves  are  known 
IS  balanced  valves.  As  usually  constructed,  the  valve  chest  is 
id,  the  bushing  being  accurately  turned  to  form  the  valve 
and  the  valve  is  made  tight  by  the  use  of  piston  rings,  the 
as  steam  pistons.  In  the  Armington  &  Sims  type  it  will  Ue. 
that  the  steam  enters  the  cjiinder  around  t\\e  ms\A^  ^^^'ii.  <^^ 
i/ve,  and  also  through  arfditfonal  passages  cut  m  \Xv^n^n^ 
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itself.  In  thia  way  the  effective  oiwning  of  tfie  port  for  a  pvea 
travel  is  greatly  increased.  The  exhaust  takes  place  around  the 
outside;  of  the  vatve,  so  that  in  reality  the  inside  is  the  slteom  lap 
and  the  outride  the  exhaust  lap,  instead  of  the  outside  heing  the' 
Btearu  and  the  inside  the  exhaust  lap,  as  in  ordinary  D-^liill 
valves.  The  principal  objectiou  W  piston  valves  is  that  the  sat 
is  liable  to  wear  unevenly — that  is,  at  the  bottom  only,  and  thnt 
to  become  leaky.  If  onre  is  taken,  however,  to  watch  the  steam 
distribution  by  means  of  the  indicator,  this  is  not  a  serious  matter; 


&  Sims'  Type. 

i,  as  usually  constructed,  the  seat  may  be  readily  n 
and  a  new  one  slipped  in  place  with  very  tittle  expense.  H 
piston  ty[>e  of  valve  is  used  on  many  of  the  best  types  of  si 
ary  high-speed  engines,  because  it  is  light,  simple,  and  perfwi 
balanced.  It  is  also  much  used  in  marine  endues,  especially  ' 
the  high- pressure  cylinder. 

The  excessive  pressure  of  the  flat  valve  against  il»  sMt  at 
the  evils  resulting  therefrom  have  also  Ijeen  obviated  by  makm 
the  valve  iu  such  a  way  that  the  pressure  of  the  steam  is  v 
eKen«d  ngiiinst  the  back  of  the  valve.  An  effective  method « 
accomplishing  this  is  illustrated  in  the  next  cut,  which  repressil 
the  rv/inifer  and  valve  of  IW  \V»«»\V>ii\  ?lv.n\oe.  Tt  will  U  di 
MMrf  ^At  in  this  type,  whw^  m*^  «S»i  ■Vki  -J^iKA  *;id|^ 


m  pretsure  does  nut  act  on  the  back  of  the  vulve 
Stween  its  seat  nnd  the  relief  p)at«  B.  The  relief 
in  two  parts,  forming  a  wedge,  and  the  whole  is  so 

by  means  of  tlie  lever  E  on  the  outside  of  the 
le  relief  ,plflt«  maybe  forced  against  the  back  of 
leparated  from  it  by  any  deaired  amount.     By  this 

adjuBtiaents  may  be  quickly  made  and  the  valve 
ht  Without  offering  uodue  frictioniil  resistance.  The 
Ijustraeut 

suitable 
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the  passage  d"  and  through  the  openingB  A  sod  a  M  the  ot 
end  of  the  valve,  bo  that  virtually  Bteam  is  admitted  at  f 
poinU  ID  the  valve  at  the  eame  time.  CoiiBequeBtly  tbe  Btean 
not  throttled  to  any  extent  when  it  enters  the  cylinder.  Ii 
eimilar  manner  the  exhaust  is  doubled  by  means  of  the  paasB 
cc',  as  is  clearly  shown  in  the  cut. 

Poppet  valves  are  those  which  open  by  rimng  from  their  se 
instead  of  sliding.  They  are  extensively  used  for  the  water  < 
tribution  in  pumps  and  also  in  gas  eugiues.  In  steam  engi 
their  use  is  limited  to  small,  slow-running  marine  e 


The  above  cut  represents  poppet,*  or  double-beat,  valves,  a 

a^  are  used  in  counectiou  with  the  Stevens'  Cut-Off,  or  wbil 
termed  the  Stevens' Front.  It  will  be  observed  that  the  val' 
on  the  k'ft  side  are  open  for  the  admission  of  steam,  while  th 
on  the  right  are  closed.  The  lift  of  such  valves,  if  single,  irai 
be  about  ^  of  their  diameter ;  but  when  they  are  double,  as 


*  Puppet  ii 
eairineen. 


theei 


wuril,  though  f>o|>^  ia  moat  generally  ai 
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i  present  case,  i  liil  would  give  an  area  equal  to  the  opening  of 
i  steam-port.  One  of  the  greatest  difficulties  experienced  in  the 
rking  of  such  valves  is,  that,  however  carefully  they  may  be 
;ed,  their  stems  will  expand  and  induce  leakage  in  the  valves 
len  exposed  to  a  high  temperature.  For  this  latter  difficulty 
3re  appears  to  be  no  remedy. 

Nevertheless  such  valves  have  their  advatitages,  among  which 
e,  that  they  can  be  turned  up,  or  ground  on  to  their  seats  at  a 
3derate  cost,  since  the  process  of  their  manufacture  is  all  lathe 
)rk ;  that  in  their  working,  there  is  no  power  absorbed  by  fric- 
m,  as  in  the  case  of  the  slide-valve,  and  that  they  can  be  placed 
near  the  cylinder  as  to  reduce  the  clearance  to  a  minimum, 
ich  valves,  however,  would  not  answer  for  high-speed  engines, 
icause  they  would  not  seat. 

• 

Yariable  Gnt-off  and  Reversing  Gears. 

In  order  to  reverse  the  direction  of  motion  of  an  engine  ope* 
ted  by  a  slide  valve  and  single  eccentric  it  is  evident  that  the 
centric  would  have  to  be  slipped  around  on  the  shaft  until  it 
jcupied  the  same  position  relative  to  the  valve  on  the  opposite 
ie  of  the  shaft,  while  in  order  to  vary  the  rate  of  expansion  or 
it-ofT  it  will  be  evident  from  an  examination  of  the  Zeuner  dia- 
•am  on  page  391,  that  some  means  must  be  found  for  effecting  a 
litable  variation,  either  in  the  steam  lap  or  in  the  travel  of  the 
live.     Both  of  these  methods  are  used  ;  the  former,  a  variation 

the  steam  lap,  is  employed  in  Myer^s  gear,  which  will  be  de- 
ribed  below,  while  the  latter,  a  variation  in  the  travel  of  the 
live,  is  the  principle  employed  in  nearly  all  automatic  cut-oife 
ith  fly-wheel  governors.  These  will  be  described  under  "  Gov- 
nors"  in  the  next  chapter.  Finally,  there  is  a  device,  invented 
7  Stephenson,  by  means  of  which  the  engine  may  be  not  only 
versed,  but  the  cut-off  varied  to  any  desired  extent  in  a  very 
mple  manner*    This  ia  called  the  link  ^notion. 


The  Link. 

The  iink-motion  is  an  arraDgement  of  valve-gear  for  reveruft 
engines  and  varying  the  rate  of  expansion.  It  consistB  of  t« 
eccentrics,  with  straps  and  rods.  The  eccentrics  are  so  plaee 
that  when  one  is  in  the  right  position  for  the  engine  to  niove  Ibi 
ward,  tlic  other  is  in  the  position  for  moving  backward ;  and  b 
raising  or  lowering  the  link,  motion  will  be  communicated  lotb 
valve  and  the  engine  will  move' backward  or  forward.  Then 
BuU  iif  this  combination  is  that  the  link  receives  a  reciprocatiii 
motion  in  ita  centre ;  since,  when  one  eccentric  is  moving  the  ea 
of  the  link  in  one  direction,  the  other  is  moving  the  other  end  i 
the  other  direction;  so  that  the  link  niil  have  nearly  the  Bam 
motion  commuuioated  to  it  as  if  it  were  suspended  from  a  pin 
at  its  centre. 

The  horizontal  motion  communicated  to  the  link  by  the  joii 
action  of  the  eccentrics,  is  a  minimum  at  the  centre  of  ita  lengll 
wiiere  it  is  cquiil  to  twice  the  linear  advance,  and  it  increases  H 
waril  the  extremities,  being  nearly  equal  at  either  extremity  t 
ilic  niiilitm  ivliich  would  be  imptttted  Ui  it,  by  the  eccentric  at  tiu 
"■''■•mity  ji/oj]c,  witlioul  rcgavA  ym  VW  uvVix.  T\\e  -«A-»«i  tA 
/  to  a  block  wbich  sViAea  "m  \Ve\wiV,«ai*Cv>s.Tt«BS« 
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;his  block  is  varied  by  means  of  a  combinatioD  of  rods  and  levers, 
ittached  in  some  cases  to  the  block  and  in  others  to  the  link 
tself.  In  either  case  the  link  is  suspended  by  a  rod  at  some  point, 
ind  the  length  of  this  rod  as  well  as  the  location  of  the  point  on 
;he  link  to  which  it  is  attached,  have  an  important  influence  on 
;he  motion  of  the  link. 

The  travel  of  the  valve  depends  upon  the  distance  of  the  block 
Tom  the  centre  of  the  link.  By  moving  the  link  up  or  down  on 
;he  block  or  the  block  up  or  down  in  the  link,  the  travel  of  the 
ralve  may  be  increased  or  decreased.  The  central  position  corre- 
iponds  to  no  motion  whatever,  while  the  nearer  the  block  is  to 
either  eccentric  the  more  its  motion  will  be  under  the  control  of 
;hat  eccentric.  Now  since  the  travel  of  the  valve,  other  things 
^eing  equal,  determines  the  point  of  cut  ofl*,  it  follows  that  the 
legree  of  expansion  varies  with  the  position  of  the  block  relative 
'O  the  link.  In  the  above  sketch,  for  example,  suppose  that  the 
iont  eccentric  IS  set  for  forward  motion  and  the  back  eccentric  for 
reverse  motion.  The  link  is  suspended  at  the  centre  by  a  rod 
'not  shown),  and  in  the  position  represented  in  the  cut  the  block 
8  at  the  top,  and  it  is  therefore  entirely  under  the  control  of  the 
irward  eccentric.  Consequently  the  engine  is  going  forward  and 
;he  steam  is  cut  off*  at  thQ  latest  possible  moment,  the  exact  point  of 
ihe  stroke  where  the  cut-off*  takes  place  depending  on  the  lap  and 
ither  dimensions  of  the  valve  gear.  Now  as  the  link,  is  raised 
ihe  travel  of  the  valve  decreases  and  the  cut-off*  takes  place  earlier 
jntil  the  block  is  in  the  centre,  when  there  is  not  enough  travel 
-0  uncover  the  ports ;  hence  steam  may  be  said  to  be  cut  off* 
Defore  the  stroke  begins  and  the  engine  is  at  rest.  If  the  link  is 
raised  still  more,  the  other  eccentric  will  control  the  block  and 
ihe  engine  is  reversed,  the  cut-off*  depending,  as  before,  on  the 
iistance  of  the  block  from  the  centre  of  the  link,  The  term  "  full- 
jear  forward"  means  that  the  link  is  dropped  to  its  full  extent; 
while  "  full-gear  backward  "  means  that  the  link  is  lifted  to  its 
uU  extent.  When  the  Vink-bhck  stands  d\Tec\\y  \m^^T  >i}cv^  '^^^^- 
le-plate  both  ports  are  closed,  and  neither  ad\xusa\o\i  nc^x  eiX\«»^'^^ 
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can  take  place.    The  dtstaDce  between  tlie  block  and  the  end  of 
the  link  when  in  full  gear  m  termed  the  clearance. 

The  radius  of  the  link  is  the  distance  from  the  centre  of  tba 
driving-axle,  or  shaft  od  which  the  eccentric  is  located,  to  the 
centre  of  the  link  ;  while  the  link  itself  is  a  segment  of  the  dnk 
of  that  diameter.  The  length  may  be  greater  or  less,  but  any 
variation  from  these  proportions  will  give  more  lead  at  one  end 
than  at  the  other  while  working  steam  expansively  ;  but  the  n- 
dius  may  be  several  inches  shorter  or  longer  wilhout  materiallf  ( 
affecting  the  motion.  The  vital  point  in  designing  a  valve  link 
motion  is  the  point  of  suspension  of  the  Huk.  If  it  is  suspended 
from  the  centre,  it  will  invariably  cut  off  steam  sooner  in  tbe 
front  stroke  than  in  the  back  stroke,  while  working  expansivelf. 
It  is  customary  to  suspend  thi 
link  at  tbe  point  which  iemnt 
used  in  running  the  engine. 
In  the  accompanying  cut  tbe 
method  of  attaching  the  liok 
to  a  vertical  engine  is  shown. 
A  A  shows  the  bed-jilate; 
B,  the  pillow-block  bearing; 
D,  tbe  shaft ;  E  E,  the  ec«n- 
tric  rods ;  C,  tbe  connecting- 
rod;  i^,  the  link;  C,  the  cross- 
head  wrist;  c7,  the  bonnet  of 
steam-cheat;  I  H,  tbe  steam 
cylinder;  K,  the  oylindw- 
bead;  L,  the  steam-pipe;  Jf. 
the  front  column  which  «up 
ports  the  cylinder ;  N,  tbt 
reach-rod ;  0,  the  reverse  am 
of  the  bell-crank  by  which  the 
link  is  moved  back  and  forth; 
.  P,  tW  Ufting  arm ;  R,  tbe 
by  means  of  wliicK  t\\e  XmV.  \*  XCTftTwi-,  SB,  •&!(!.  ^sJ« 
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lugh  which  the  spindle  of  the  screw  R  moves;  Q,  the  hand- 
el  by  which  the  lifting  arm  P  is  moved  up  or  down  for  the 
pose  of  changing  the  position  of  the  link.  In  the  type  of  link 
1  for  locomotiveft  the  screw  and  hand-wheel  is  replaced  by  a 
;  lever  moving  in  a  notched  segment,  the  notches  correspond- 
to  the  various  cut-ofis  on  the  forward  and  reverse  motion, 
he  ease  and  facility  with  which  the  link  may  be  handled  are 
r  important  features  in  its  favor.  In  fkct,  what  could  we  do 
loot  it  when  handling  engines,  especially  large  locomotives  or 
ine  engines,  which  have  of  necessity  to  run  backward  with 
same  ease,  speed,  and  &cility  as  they  ruq  ahead  ?  The  link 
splendid  mechanical  conceptjoo,  and  one  of  the  greatest  im- 
rementa  that  has  ever  been  made  in  the  locomotive,  marine 
ine,  or  any  other  class  of  engine  requiring  a  reversing  gear. 


Meyer's  Talre  Gear. 
very  simple  and  efTeotive  method  of  varving   the  rate  of 
ansion  without  interfering  in  any  way  with  the  admission 


ase  and  compresBion  la  by  means  of  what  is  known  as  a 
ng  cut  off  which  consi'its  of  an  additional  \alve  to  control  the 
off  riding  on  the  hack  of  the  main  or  di-tnbnlion  vaKe 
re  are  numerous  varieties  of  this  type  of  valve,  but  perhaps 
most  widely  used  is  the  Meyer  valve.  This  is  illustrated  \vi 
accompflnjiw^  cat,  in  which  f  C  is  the  nna>i>  ov  A\%\xA\\VCu«v 
a     Tbis  is  similar  to  an  ordinary  D  va\ve,  except  ^Jftttt  ■&« 
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8team,  instead  of  being  admitted  around  the  ends  of  the  valvi 
enters  the  cylinder  through  ports  as  shown.  The  main  or  distr 
bution  valve  admits  steam  and  opens  and  closes  the  exhaust! 
exactly  the  same  way  as  a  plain  slide  valve.  The  cut-off,  hoi 
ever,  is  effected  by  means  of  a  separate  valve,  D  2),  called  tl 
riding  cut-off  or  expansion  valve.  As  will  be  seen,  it  consists  o 
two  blocks  containing  nuts,  which  are  carried  on  a  right*  and  Irf 
hand  screwed  spindle  M.  By  turning  the  wheel  L  on  the  ootsij 
of  the  steam  chest  the  distance  between  the  blocks  may  be  « 
justed,  and  in  this  \yay  the  cut-off  or  degree  of  expansion  vaw 
to  suit  the  conditions.  The  main  and  expansion  valves  are  op 
rated  by  separate  eccentrics,  and  if  the  engine  is  to  be  reveraN 
the  main  valve  may  be  actuated  by  a  link  motion.  The  wheel . 
may  be  operated  either  by  hand,  or  it  may  be  connected  with 
centrifugal  governor  in  such  a  way  that  the  cut-off  will  be  rep 
lated  automatically.  The  principal  objection  to  this  type  of  vali 
is  the  excessive  loss  in  friction  of  the  valves  against  their  seata 

Separate  Yalves  for  Admission  and  Exhaust. 

The  valves  and  valve  gears  which  have  been  described  ahoi 
are  all  open  to  the  great  objection  that  the  steam  enters  tl 
cylinder  through  the  same  ports  which  have  just  been  cooh 
off  by  the  exhaust.  The  result  of  this  is  that,  especially  whe 
the  passages  are  long,  a  very  considerable  amount  of  energy 
lost  by  condensation  in  the  ports.  For  this  reason,  and  also  i 
order  to  effect  a  more  advantageous  distribution  of  steam,  separai 
valves  are  now  frequently  used  for  the  steam  and  the  exhaiM 
Engines  of  this  kind  are  known  as  Four  Valve  Engines,  and  the 
increased  economy  in  the  use  of  steam  amply  justifies  the  add 
tioiial  complication  introduced  by  the  separate  valves.  Cor^ 
Engines,  with  their  semi-rotary  valves,  belong  to  this  class.  Tl 
valve  gears  of  this  class  of  engines  will  be  described  in  Chapter  X3 
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t  kinds  of  governors  have  been 
i  safe  to  say  that  this  device  has  absorbed 


CHAPTER  XIX. 
STBAM-BNGINH  <K>VBBNORS. 
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be  so  adjusted  as  to  be  in  the  proper  position  for  supp 
proper  amount  of  power  when  the  pendulum-rods  are  at 
of  inclination  corresponding  to  the  proper  speed  of  the 
When  the  speed  deviates  above  or  below  that  amount, 
ward  or  inward  motion  of  the  pendulum-rods  acts  on  th< 
so  as  to  open  the  valve  when  the  speed  is  too  low,  and 
when  it  is  too  high. 

in  the  attainment  of  this  object,  the  principle  of  ce 
force,  as  embodied  in  the  old  fly-ball  governor  of  Watt, 
more  resorted  to  than  any  other;  but,  aside  from  this,  the 
has  been  so  improved,  altered,  and  reconstructed,  since 
as  to  be  almost  unrecognizable;  but  still  the  old  pri: 
there,  and  also  the  three  prominent  defects  which  so  nc 
interfere  with  its  efficiency.  The  first  of  these  is  frictic 
arises  from  the  joints,  and  is  caused  by  swinging  the 
weights  by  the  short  end  of  the  arm* or  lever  to  which 
attached.  The  second  defect  is  due  to  the  fact  that  the 
they  assume  different  positions  in  keeping  with  the  sp 
which  they  revolve,  are  obliged  to  rise  or  fall.  This  is  i 
in  order  that  the  resistance  which  the  weights  offer  to  ce 
force  should  constantly  increase;  if  it  did  not  so  incr 
weights,  when  once  started  from  their  position  of  rest,  ^ 
stantly  go  to  the  extreme  limit  of  motion.  The  rising  of 
shortens  the  distance  which  they  are  allowed  to  move  fo: 
variation  by  bringing  the  centres  of  ball  and  arm  on  wl 
swing  into  a  straight  line,  so  that  a  variation  which  m 
balls  a  given  distance  upward,  if  it  occurs  again,  will  e 
them  nearly  so  far  in  the  same  direction.  Again,  the  sa 
that  would  support  the  balls  in  any  plane  would  not  ra 
to  that  plane  from  a  lower  one.  So  between  friction,  \^ 
stroys  the  delicate  power  that  the  balls  assume  under 
change,  and  the  necessity  for  a  large  change  to  overco 
inertia^  it  is  almost  impossible  to  attain  a  degree  of  r€ 
ivhich  would  he  equal  to  a\\  rec\\\\v^vcveTv\s». 
Governors  when  attached  to  \\\YoW\e-NvAN^  ^«tV  > 
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itances  that  neceesitate  the  use  of  openings  for  the  passage  of 
tteam  that  are  too  small  in  area,  so  much  so  that  the  useful 
la  of  the  steam  are  considerahly  diminished.  On  this  depends 
II  repute  of  throttling  engines  as  compared  with  those  which 
late  by  governor  controlled  valve  motions  or  variable  cut-off. 
le  valve  of  a  governor  has  too  large  openings,  it  will,  owing 
e  unsteady  action  of  the  governor,  admit  tdo  lat^  a  quantity 
earn,  and  cause  a  jumping  of  the  engine;  then,  in  trying' to 
off  this  extra  amount,  it  shuts  it  all  off;  in  fact,  the  governor 
ot  fix  it  exactly  right,  being  incapable  of  delicate  changes. 
difficulty  is  beat  met  by  making  the  openings  in  the  valve 
iculiar  shape,  so  that  they  open  and  close  in  a  ratio  different 

that  of  the  governor.  With  a  governor  that  would  run  per- 
r  up  to  theory,  and  be  steady  and  capable  of  taking  a  posi- 
in  keeping  with  the  speed, 
not  leaving  it  without-  a 
ge  in  speed,  a  very  large 

might  be  used,  and   the 
l1  effects  of  the  steam  would 
be  impaired,  neither  would  i 
;  exist  a  necessity  for  great  1 
ges  in  speed  to  get  the 
■d  opening  and  closing  of 
iralve.     The  extra  amount 
;eam    required  to  drive   a 
y  addition  of  load  on  an 
le    is    surprisingly    small, 
ided  that  the  engine  can  get 
team  at  the  very  instant  the 

is  applied,  and  before  the 
entum  of  the  machinery 
mes  much  reduced;  but 
he  engine  once  get  below 

1,  the    circums/flHces    ivill  ^j,^  ^^^^^  GoveTOOT. 

■ry  iUffbrait,  aa,  even  with- 


412 


THE     EKOINEEB'S     HANDY-BOOK. 


out  any  load,  the  engine  would  take  some  time  to  oome 
speed. 

The  third  defect  in  governors  on  throttling  engines  is  that 
spindle  or  valve^tem  has  of  necessity  to  pass  through  steam- 
packiug-  or  stuffing-boxes,  which  have  to  be  screwed  up  to 
vent  leakage,  without  any  guide  save  the  judgment  of  the 
giueer,  which  increases  the  friction  and  interferes  with  the 
action  of  the  governor.  There  is  also  the  friction  on  the  govei 
valve  necessary  to  overcome  the  power  required  to  move 
valv«-stem  through  all  its  bearings,  stuffing-boxes,  guides, 
under  the  pressure  of  steam.  Were  it  possible  to  construct 
governor  for  throttling  engines  which  would  approach  in  pi 
what  theory  would  demonstrate,  the  fly-ball  or  centrifugal 
eruor  would  be  a  perfect  regulator;  but  this  appears,  according  I 
mechanical  laws,  to  be  impossible.  By  the  use  of  isochroi 
governor:?,  which  would  not  admit  of  any  variation  of  speed, 
would  be  in  equilibrium  at  any  speed,  whether  the  balls  were 
or  down,  or  in  any  other  position,  the  defects  of  the  common 
ernor  were  supposed  to  be  obviated ;  but  it  was  found  by 
rience  that  power  and  stability  were  necessary,  and  isochronij 
in  its  strict  sense  unattainable. 

In  the  fly-wheel  governor  these  defects  have  been  partiallj 
eliminated.  True,  there  is  still  a  certain  amount  of  friction  iJ 
the  joints,  but  this  can  be  made  insignificant  by  proper  lubric 
tion.  On  the  other  hand,  there  are  no  packing  or  stuffing  bo« 
to  stick,  us  in  the  case  of  the  throttling  governor,  and,  above 
the  full  pressure  of  the  steam  acts  upon  the  piston  at  the 
ning  of  each  stroke,  indej)endent  of  the  load  on  the  engine, 
consecjuently  there  is  no  energy  lost  in  expanding  the  steam  befo 
it  enters  the  cvli ruler.  The  action  of  the  throttle  valve  in  redi 
injr  the  pressure  of  the  steam  is  simply  an  expansion  without 
Useful  return,  and  conseijuently  a  waste  of  energy  equivalent 
the  heat  which  was  nece^ssary  to  raise  the  steam  from  the  pressui 
h  it  is  used  to  t\\e  boVVev  \^T^?iSvrc^.  ¥qt  example,  the 
tallied  in  one  pound  ^A'  Olt^^  s,\.^w\  ^XY^^^xmsAs^^t 
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uivalent  to  about  912,670  foot-pounds,  while  at  80. pounds 
ure  it  is  about  908,450  foot-pounds.  Hence,  if  a  boiler  fur- 
s  steam  at  100  pounds,  and  this  is  reduced  to  80  pounds  by 
ction  of  the  governor  on  the  throttle,  it  may  be  said  that 
lifibrence,  or  4220  foot-pounds  of  energy,  is  wasted  by  the 
mor,  because  the  steam  expands  without  doing  any  useful 
.     Let  us  see  what  would  be  the  result  of  this  in  a  throt- 

engine  of  100  horse-power :  An  engine  of  this  kind  would 
re  about  fifty  pounds  of  steam  per  horse-power  every  hour, 
lence  the  total  steam  consumption  would  be  50  X  100=5000 
ds  per  hour.  Now  for  each  pound  of  steam  consumed  by 
Qgine  there  would  be  a  waste  of  energy  of  4220  foot-pounds, 

total  waste  of  4220X5000  =  21,100,000   foot-pounds  per 

or  21,100,000-^-1,980,000  =  10.7  horse^power.  In  other 
3,  if  the  engine  is  running  under  such  a  load  that,  in  order 
lintain  a  constant  speed  it  is  necessary  for  the  governor  to 
56  the  pressure  from  100  to  80  pounds  per  square  inch,  there 
)e  a  loss  of  energy  amounting  to  over  10  (theoretical)  horse- 
r.  Of  course,  it  must  be  remembered  that  this  energy  could 
lave  all  been  converted  into  useful  work  on  account  of  the 

other  losses -which  are  incurred  in  the  passage  of  the  steam 
gh  the  engine,  but  the  example  serves   to  show  that  the 

of  energy  caused  by  the  use  of  throttling  governors  are  a 
important  factor,  especially  in  large  units.  This  defect  is 
jly  eliminated  in  the  fly-wheel  governor,  and  in  all  types  of 
•nors  where  the  regulation  is  produced  through  the  cut-off, 
aot  by  means  of  the  throttle  valve.  Moreover,  it  has  been 
I  that  much  closer  regulation  is  attainable  with  the  aid  of 
'nors  of  the  latter  class,  and  also  that  there  is  less  variation 
3  piston  speed  during  each  single  stroke.  (See  also  "  Throt- 
and  Automatic  Cut-off  Engines,"  page  346.) 
p  these  reasons  nearly  all  modern  steam  engines,  excepting 
)ughe8t  types,  are  equipped  with  governors  which  act  upon 
iit-off.  There  are  several  methods  in  comrcvoii  w^^Vj  n^\\\"5^ 
etJOD  is  produced,  the  most  common  being  t\veft:^->NV^A  ^qjs- 
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ernor,  the  action  of  which  will  presently  be  described,  the  O 
goverDor  and  valve-gear,  aod  the  governor  which  prod 
changes  in  the  cut^fT  by  varying  the  position  of  the  block 
link,  such  as  is  used  in  the  Porter-Allen  engine.  Each  of ' 
types  will  be  illustrated  in  the  next  chapter,  which  will  bi 
voted  to  a  description  of  the  luoet  important  features  of  son 
the  beat-known  types  of  steam  engines. 

The  action  of  the  fly-wheel  governor,  which  is  the  type 
on  most  high-speed  engines — that  is,  engines  of  high  speed  of 
tion,  may  be  briefly  explained  as  follows:  Referring  ta 
diagram,  F  is  the  rim  ol 
fly-wheel.  The  arms  e  d  ' 
the  weights  W,  and  are  pi' 
at  c  to  the  fly-wheel  arms 
shown).  The  springs  a  I 
attached  at  a  to  the  arms 
and  at  i  to  the  rim  of  tbi 
wheel.  The  links  d  f  ^ 
from  the  ends  of  the  arms  ( 
either  end  of  a  collar  //,  « 
is  placed  loosely  on  the 
shaft,  and  which  carries  th 
centric  E.  Now  when  thi 
wheel  revolves  there  is  a  tendency  for  the  weightjj  W  to  t 
outward — that  is,  away  from  the  shaft,  and  the  force  (centri 
force)  which  actuates  them  to  move  in  that  direction  is  c«u 
acted  by  the  tension  of  the  springs  a  b.  If  the  speed  inert 
this  tension  is  partially  overcome  and  the  balls  move  outi 
and  in  so  doing  shift  the  eccentric  E,  changing  its  eecentr 
angle  of  advance,  or  both,  and  thus  producing  an  earlier  n 
in  the  cylinder.  It  will  be  readily  understood  how  the  lei 
of  the  springs  and  the  weights,  \V,  may  be  adjusted  so  as  tot 
tain  a  position  of  equilibrium  and  thus  produce  an  approiim. 
Uniform  apced  of  rotation.  Aft  a  mattcT  of  fact,  the  results  i 
^n  attained  in  tbia  iirecVvon  m^  \;\'i' 
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th  the  aid  of  a  well-designed  governor  of  this  type,  it  is  pos- 
ile  to  regulate  the  engine  to  within  one  per  cent,  of  its  rated 
sed  when  the  full  load  is  thrown  on  or  off. 
The  economy  of  a  good  governor  has  rarely  been  appreciated 
owners  of  steam-engines  and  steam-users.*  Experience  has 
)wn  the  speed  best  adapted  for  each  and  every  process  in  the 
mufacturing  and  mechanical  arts,  and  the  governor  that  fails 
meet  all  the  varied  requirements  of  each  process  is  of  no  value 
an  economical  point  of  view.  Every  stroke  which  an  engine 
kkes  below  its  regular  speed  increases  the  cost  of  production, 
i  every  stroke  above  it  is  a  waste  of  steam,  and  consequently 
fuel.  If  an  engine  is  geared  to  run  at  80  revolutions  per 
Qute,  when  a  heavy  piece  of  machinery  is  thrown  off,  the 
pernor  admits  of  an  increase  of  speed  of  from  10  to  15  revolu- 
Ds  per  minute.  This  incurs  a  waste  of  power,  and  consequently 
^aste  of  from  12  to  20  per  cent,  of  fuel.  On  the  other  hand, 
en  a.  heavy  piece  of  machinery  is  thrown  on,  the  governor 
3WS  the  engine  to  lag  behnid  its  regular  speed  by  from  10  to  15 
3kes  per  minute;  this  increases  the  cost  of  production.  If  a  gov- 
lor  is  unreliable,  it  is  worthless;  if  reliable,  its  first  cost  is  merely 
lominal  consideration.  There  are  many  processes,  such  as  niill- 
;,  weaving  delicate  fabrics,  printing  from  small  type,  or  the 
•y  accurate  turning  of  fine  material,  where  a  good  governor  is 
immense  value. 

Sovernors  are  sometimes  attached  to  marine  engines  for  the 
rpose  of  equalizing  the  revolutions  in  heavy  sea-ways,  and  pre- 
iting  the  engines  from  racing,  which  is  caused  by  an  insufficient 
mersion  of  the  paddle-wheels  or  propellers,  and  which  may  be 
iribed  either  to  the  lightness  of  the  load  or  the  heavy  swell 
the  sea.  But  from  whatever  cause  racing  may  occur,  it  is 
jrays  attended  with  danger,  as  the  undue  strain  to  which  the 
ichinery  is  subjected  is  liable  to  result  in  a  breakdown. 
Governors  should  be  kept  perfectly  clean  and  free  from  accu- 
ilations  induced  by  the  use  of  inferior  oil,  as  suc\\  ^wvcoxi^  ^\i^i- 
,j)c$9  have  »  tendency  to  int^Yf^x^  with  t\>e  evis^  vuviN^VK^^vyX^^ 
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the  different  parts.  Many  first-class  regulators  have  been  con- , 
demned  as  not  being  capable  of  controlling  the  engine  ata  unifom^ 
speed,  when  all  that  was  required  was  a  good  cleaning. 

Governor-spindles  working  through  stuffing* boites  should  be, 
frequently  and  ca'refully  packed,  as,  when  the  packing  beoomei 
old  and  dry,  if  screwed  up  to  prevent  leakage,  it  interferes  with 
the  free  action  of  the  governor. 

Rules  for  calculating  the  size  of  pulleys  for  governors. — Tofaii  i 
the  diameter  of  the  governor  ahaft-puUey,    Multiply  the  number  of  \ 
the  revolutions  of  the  engine  by  the  diameter  of  the  engine  shaft- 
pulley,  and  divide  the  product  by  the  number  of  revolutions  of 
the  governor. 

To  find  the  diameter  of  the  engine  ahafirpuUey. — Multiply  the 
number  of  revolutions  of  the  governor  by  the  diameter  of  the 
governor  shaft-pulley,  and  divide  the  product  by  the  number  of 
revolutions  of  the  engine. 

Description  of  DiflTerent  GoTernors. 

Throttling  governors  are  those  in  which  the  centrifugal  forceof 
a  pair  of  weights  aeti?  upon  the  throttle  valve  of  the  engine.  There 
are  hundreds  of  types  in  use,  but  they  differ  only  in  the  details  of 
construction,  the  principle  in  all  being  the  same  as  that  emplovd 
by  James  Watt  in  the  early  days  of  the  steam  engine.  Waten' 
Governor,  illustrated  on  page  409,  is  a  fair  representative  of  thii 
type.  In  this  the  springs  shown  are  used  to  aid  the  force  of 
gravity  in  resisting  the  centrifugal  force  of  the  balls — in  oth« 
resp(»ct«  this  type  requires  no  further  explanation. 

Porter-Allen  Governor. — In  this  type  of  governor  the  regula-l 
tion  of  the  speed  is  effected  by  altering  the  position  of  the  block 
in  a  slotted  link  attached  to  the  eccentric.  Both  the  governor 
proper  and  the  eccentric  with  its  lii)k  are  illustrated  in  the 
cornpanyin^r  outs.  The  former,  as  will  be  observed,  is  a  loadc 
})en(luluni  <rovernor,  and,  though  it  was  first  designed  in  com 
tion  with  tlw  ]\)rter-AUe\\  ov\\ia\\o,  \\.  \s>  wor^  ^T^o^ently  used  ii 
^tion  with  Corliss  ^^o*i\r^,vxw\  ^V<.^  ^^  ^nJkxqXJOCwv^^-^^xwjsi' 
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^-valve  engines.  One  of  ite  chief  advantages  ie  that  ilic 
ess  is  more  nearly  constant  rtith  varying  speeds  than 
ary  fonna  of  pendulum  or  even  fly-wheel  governor.". 
lal  link  ehowD  on  the  right  of  the  first  cut  moves  up  and 


Porter-Allen  Qovemor. 


the  Speed  varies,  and  as  this  is  attached  to  the  link 
shown  in  the  second  cut,  the  travel  of  the  valve  and 
cut-off  are  varied  with  the  load  on  the  engine.     The  ItoV. 
in  one  piece  with  the  eccuntric  strap,  and  is  ijANiAei  a* 
'be  operation  of  th'is  governor  is  very  8\Tnp\e,  au4  ^^^e 
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:iiiiiii  wliirh  uijiy  hu  ailiiiiifil  Vfiy  c-lurit-,  m  thiit  it  ii^j 
,il  fill-  ili'ttriu  ii^'iiiiiiy  or  any  uclier  kiiiJ  of  eeivitt 
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1    ■         ■'•■':'.    ■-;;>.■■:'::,■•  HiL'int-.  it  aotuati-s  wliiu  i?  kn 
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ar-  f  ■iir  soparati-  vulvt 
.  t'.'i'  til.' esliaiist.  Tlif  latM 
-.1  l.ii.'.-  th^  ..,teiiiii-!iii'i-'lo 
N.  itli.-r  a..es  til,-  -.,v.-rii'.r« 
i-  :i:*«i  i-.>nstain.  In  thi-  Cf 
■  i. -iirn  "t"  til.'  .■njriii.'  i.Iny<i| 
.■■,.  v  A-j-Tivtii .11  ..f  tile  repitt 
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Bight-line  engine  governor,  illiL-^traud  in  tlie  ai 
*BUt,(xr|]8itfisiifu single  weigljt  ciirritil  on  ijijetnd  uf'aii  arm 
is  pivoted  IN  the  middle  to  one  ui'tlm  arms  ui'thc  fly-wtieul. 
il  etrap  ccinuui'te  ddb  side  of  tliu  arm  [o  tin!  end  of  a  lint  stt'el 
,  wliiie  the  oilier  side  of  the  arm  is  linked  to  ihe  eoireiitric 
Il  a  iimmier  lliut  when  the  weight  travoU  away  frum  tiie 
fthich  it  dues  as  the  i^jHied  iuureases,  tl(^  ecwutriu  is  shilled 


ig  b.ilh  the  eccentricity  ami  thu  ari^lf!  i>f  advanw,  and  thus^ 
tes  the  cut-off  to  suit  the  ioiid  on  tlie  i-njriue.     The  j 
i§  adjusted  by  alleriop  t!ie  weifjht  of  the  liall,  which  is 
rand  weighted  with  lend  shot.     This  isone  of  thesimplast  ofl 
der  typos  of  fly-wheel  governors  and  it  has  proved  a 
Bfiil  one. 

f^ll-engine  governor  <>  sj'mlliir  Ut  the  stra\g,\\t-\\nft  ^.Ofwt 
t,  that  both  till-  luifilv  iif  advaniie  and  l\ie  ecceuVn! 


■ee^P 


TftE    ■BHBINEirn'B    HAWDTf-Si 

B  varied  in  order  to  produce  changes  iu  the  cut-off.  lu  tlie 
■  tails  of  its  construction  it  differs  iu  many  ways.  Referring  to 
■out,  it  will  be  obi»erved  tliat  there  are  two  weights,  two  sets 


Ball  Governor. 


Bpiral  springs,  and  in  addition  a  dash  pot  attached  to  < 
weight  arms.     The  eccentric  s\\?avp,  V,  \&  WiU*d  to  the  hah  of 
^j'-wheel,  while  the  strap  ia^Ac\^^^^*»,'i«o&.Ti^< 
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ing  a  disc  which  carries  a  crank^pin,  4,  to  which  the  valve-rod 
attached.  The  weights  are  coDDCcted  by  links  to  the  eccentric 
rapSy  so  that  when  the  weights  overcome  the  tensioti  of  the 
wrings  and  move  away  from  the  shaft,  the  strap  and  disc  are 
ftated  around  the  sheave,  giving  the  pin,  4,  a  motion  in  the  arc 
'a  circle  whose  centre  is  the  centre  of  the  eccentric  sheave,  and 
this  way  the  desired  variations  of  the  eccentricity  and  angle  of 
Ivance  are  obtained.  The  supplemental  spring  and  dash  pot  are 
;ed  to  provide  a  "  double  elastic  cushion "  for  checking  any 
idue  movement  on  the  part  of  the  regulating  mechanism  and 
BuriDg  absolute  control  of  the  speed  under  the  greatest  variation 

*  load.     The  spring  is  capable  of  either  tension  or  compression, 
that  a  motion  of  the  weights  in  either  direction  immediately 

Its  it  under  strain,  which  is  at  once  relieved  by  the  dash  pot. 
ence  the  device  exerts  only  a  steadying  influence  on  the  speed 
'  the  engine. 

The  Buckeye  Engine  Governor,  illustrated  in  the  next  cut,  is 
e  of  the  oldest  forms  of  shaft  governors.  In  the  Buckeye 
agine  two  valves  are  used,  a  main  or  distribution  valve  actu- 
3d  by  a  fixed  eccentric  and  a  cut-off,  or  an  expansion  valve 
tuated  by  the  governor  mechanism.  By  referring  to  the  cut, 
will  be  observed  that  the  governor  differs  from  those  hitherto 
Bcribed  in  this  essential  feature :  that  the  angle  of  advance  only 
varied  by  the  centriftigal  action  of  the  weights,  this  being  all 
Bt  is  necessary.  In  the  case  of  a  single  valve  operated  by  a 
aft  governor,  if  the  angle  of  advance  only  is  altered,  the  cut- 

*  may  be  varied  to  suit  the  conditions  of  load,  but  in  that  case 
B  lead  will  also  vary  in  such  a  way  that  it  would  increase  as 
B  cut-off  decreased.  If,  on  the  other  hand,  the  regulation  is 
rforraed  by  varying  the  eccentricity  alone,  the  reverse  would 
ke  place,  and  hence  for  shaft  regulation  in  connection  with  a 
igle  valve  it  becomes  necessary  to  vary  the  eccentricity  and  angle 

advance  simultaneously.     This  is  not  the  case  vjVveT^  ?t^^\^^T^\fc 
itribu tion  and  expaDsfon  valve   are  used  as  \\\  \\v^  ^vxcN?.^^^ 
^gine,  because  the  admission  and  exhaust  closviTe  «irei  eSeoXfe^ 
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by  tlic  ilif'tribution  valve,'  and  the  governor  acts  oaly  on  tha 
off'.  Rel'crriii):  now  to  the  above  cut,  it  will  be  seen  thft 
governor  coiisistH  of  two  weighted  arms,  a  a,  pivoted  at  one 
tht.'  wheel  iititl  connected  ut  the  other  to  the  cars  of  a  loofeti 
trie,  f,  by  means  of  links,  B  B.  The  tendency  of  the 
move  outwiird  by  virtue  of  their  centrifugul  force  is  resi«teJ 
the  action  of  the  spiral  springs  F  F.    As  the  speed  IncreaH* 


keye  Englae  aovemor. 


■!■..■  .■I'lii.'  w.  i-hts  panially  overcomes  the  pull 
ill.  ,i-,niiri<-  is  shifted  or  advanced  and  thus  the 
lai-e  )v;iiv  lUiliir.     This  governor  was  InvenW 
--;ii;  ill  i;-:e  in  essentially  the  same  form  asori^ 

rtjj    Go\ernor. — Tliis    is  a  recent    device  of  > 

■i  ;'r  f.::ul!iiinL' tlie  sjieed  by  nioans  of  ihe 

.■    \.'\\:.-  .w.v.  \viU  lie  si*u  to  consist  of  a  *Hgl 
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of  the  arm  anil  its  weights  being  counteraeteii  by  a 
g.  The  valve-rod  is  attached  to  a  pin  on  the  arm  as 
;h  pill  moves  in  the  arc  of  a  circle,  of  which  the  stud 
e.      Stops  are  provided  on  two  of  tlic  arms  to  prevent 

motion  of  the  arm,  and  the  miivenients  of  the  latter 

steadied,  by  the  action  of  the  dash  pot  shown,  Tht 
he  pin  being  in  the  arc  of  a  circle  bolh  the  eccentricity 

of   advance   are  varied,     Tliis   governor,  though  of 


Rltea'  Inertia  Oovemor. 


erition,  has  become  very  popular  on  account  of  its 
tnplicity,  and  is  now  used  on  many  of  the  high-speed 
otahly  by  Armington  and  Sim?,  who  for  many  years 
own  designs  of  governors.  Formerly,  when  a  new  type 
r  WHS  invented,  it  was  customary  to  design  a  whole  new 

sell  it  on  the  merits  of  the  governor,  but  to-day  there 
iiin  enough  typesof  high-speed  engines  to  supply  the 
id  new  gi>vernorii,  such  as  the  Kites  luid  the  Sheppard, 

some  of  tbp  older  engines  under  license. 
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CHAPTER  XX. 

DESCRIPTIONS  OF  STEAM  ENGINES. 

Corliss  Engines. 

To  this  class  belong  all  engines,  whether  simple  or  cc 
condensing  or  non- condensing,  horizontal  or  vertical,  i 
the  distribution  of  steam  is  effected  by  the  aid  of  the  r 
known  Corliss  gear.  Briefly,  this  type  of  valve-gear  ca 
four  separate  valves  of  the  semi-rotary  type,  two  for  a 
and  cutting  off  the  steam  and  two  for  the  exhaust,  th« 
being  controlled  by  a  special  mechanism  in  such  a  way 
ports  are  opened  to  steam  by  a  fixed  eccentric,  but  at  : 
point  in  the  stroke,  determined  by  a  pendulum  govern 
valves  are  released  by  the  eccentric  and  quickly  closed  b 
of  springs  or  dash  pots.  The  exhaust  valves,  usually  cc 
by  the  same  eccentric,  have  a  fixed  point  of  opening  and 
The  engine  is  therefore  an  automatic  cut-off  engine,  but  on 
of  the  method  by  which  the  cut-off  is  controlled  certain  ad 
in  the  distribution  of  steam  are  effected  which  make  it 
in  many  respects  to  most  other  engines  of  the  automatic 
type.  There  being  separate  ports  for  admission  and  exb 
fresh  steam  entering  the  cylinder  does  not  come  in  cont 
surfaces  which  have  been  previously  cooled  by  the  exhf 
furthermore,  the  valves  being  very  close  to  the  piston,  t 
are  extremely  short,  and  hence  the  condensation  in  tb 
passages  is  reduced  to  a  minimum.  The  valves  themse 
formed  of  j)ortions  of  cylinders  oscillating  on  valve  face 
responding  form,  and  they  are  so  arranged  that  the  pressa 
steam  forces  them  against  their  seats  only  when  the  ports  a 
— when  open  they  have  practically  no  friction  to  oi 
Ucuce  the  power  used  to  opexaV^e;  \Xv^n«\n^,^\a^S&^ 
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in  the  case  of  slide  valves,  is  practically  nil  in  the  Corlig 
while  at  the  same  time  a  tight  joint  between  the  valve  and 
is  insured.     The  effect  of  the  springs  or  dash  pots  is  to  se 
very  quick  closure  of  the  ports,  and  hence  the  indicator  dii 
shows  a  perfectly  clean,  sharp  cut-off,  instead  of  a  rounded  o 
in  the  case  of  plain  slide  valves.     Finally,  the  admission,  ope 
*nd  closing  of  the  exhaust  being  independent  of  the  governoi 
Corliss  type  of  valve-gear  has  the  advantage  over  automatic 
offs  with  shaft  regulation,  that  the  lead  and  compression  ren 
constant  under  all  conditions  of  load,  the  entire  regulation  b€ 
^ad  by  varying  the  point  of  cut-off.      •  • 

There  are  innumerable  different  styles  of  Corliss  Engin 
tiany  of  which  are  excellent,  and  the  economy  in  the  use  of  stea 
tid  the  close  regulation  which  has  been  attained  certainly  mal 
h  is  class  of  engines  very  desirable  for  a  great  many  purpose 
^^ing  to  the  method  of  -effecting  the  cut-off,  they  are,  howevei 
Suited  as  to  speed  of  rotation,  and  it  is  consequently  customar} 
*  secure  the  advantages  which  are  to  be  derived  from  high-pis: 
n  speeds  by  making  the  stroke   very  long.     Of  course,  this 
uders  them  unfit  for  direct   coupling  to   electrical  and  other 
achinery  which  needs  to  be  run  at  a  comparatively  great  nuni- 
r  of  revolutions  per  minute,  but  there  are  many  other  uses  to 
ich  the  Corliss  engine  can  be  put  with  advantage.    It  would  lead 
too  far  if  we  were  to  attempt  to  describe  all  of  the  different 
^s  of  Corliss  Engines  which  have  proved  successful,  and  besides 
ould  involve   a  great  deal   of  repetition.     Among  the   best 
^n   types   the   following    are   worthy   of   especial   mention : 
olds-Corliss,  built  by  the  Edward  P.  Allis  Co.  of  Milwaukee, 
the  Hamilton -Corliss,  built  by  The  Hooven,  Owens  &  Rent- 
Co.  of  Hamilton,  O.,  the  Wetherill-Corliss,  built  by  Robt. 
rill  &  Co.  of  Chester,  Pa.,  the  Atlas-Corliss,  built  by  the 
':!^ngine  Works  of  Indianapolis,  Ind.,  and  the  Harris-Corliss, 
y  the  Wm.  A.  Harris  Steam  Engine  Co.  of  Providence^ 
The  last  will  be  more  fully  described  a%  ^  x^\vx^'efc\\\sv!C\^ 
^as8  of  engines. 
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The  Harris  Corliss  Steam-Engine. 

The  cuts  on  pages  427  and  428  represent  the  Harris  Corliss 
Engine,  one  showing  the  crank  and  cross-head,  the  other  the  eccen- 
tric and  -valve  gear.  It  will  be  observed  that  the  general  design 
is  symmetrical. and  well  proportioned,  rigidity  and  strength  being 
introduced  principally  where  the  greatest  longitudinal  strain  oc- 
curs, viz.,  between  the  cylinder-flange  and  the  centre  of  the  fly- 
wheel shaft.  Between  these  points  the  frame,  which  is  in  one 
casting,  is  vertically  deep  and  strongly  ribbed,  thus  insuring 
greater  strength  and  stifibess  than  could  be  obtained  by  any  other 
distribution  of  the  same  amount  of  material.  The  cross-head 
guides  are  cast  with  th^  frame.  The  main  pillow-block  is  of  an 
improved  design,  with  the  feet  well  spread  out;  and  the  cylinder 
and  exhaust-chest  rest  upon  supports  the  entire  width  of  the 
chest.  The  engines  are  only  slightly  elevated  above  the  floor, 
thus  allowing  the  attendant  to  reach  every  part  with  the  greatest 
ease.  The  cylinders  and  chests  are  neatly  lagged  in  black  walnut, 
or  other  wood. 

The  piston-packing  is  of  the  most  improved  kind,  and  is  claimed 
to  remain  perfectly  steam-tight  under  all  circumstances.  It  is 
set  out  by  means  of  German  silver  spiral  springs,  which  obviate 
the  difficulty  arising  from  the  cylinder  becoming  worn  larger  at 
the  ends,  or  its  liability  t^'  become  cut  or  fluted,  in  consequence 
of  its  being  set  out  too  tight.  Besides,  the  piston-rod  is  retained 
exactly  in  the  centre  of  the  cylinder.  The  spring  plates  for  the 
packing-rings  are  made  of  bronze  metal,  consequently  they  are 
not  liable  to  corrode.  The  distance  used  for  the  packing-ring  be- 
tween the  piston  and  the  follower  is  so  small  that  it  leaves  a  large 
amount  of  the  junk-ring  for  a  bearing,  or  a  wearing  surface  on  ihe 
lower  side  of  the  cylinder  in  the  horizontal  engine,  which  reduct- 
the  liability  to  cut.  The  design  and  arrangement  of  this  pack- 
ing afford  the  most  convenient  fiicilities  for  taking  it  out,  putting 
Jt  in,  or  for  /iJ/ustnient.  Tho  o\h^yvv\.u\u  <>f  the  packing  is  as  fbl- 
hws:  Whei]  steam  is  adnuUovl  'u\Vo  dvVc^T  «vvvV  q^nXx^  ^njK\\\^sj\M 
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king-nDg  is  carried  by  the  steam  over  to  the  side  of  the  groove 
he  junk-ring,  making  a  joint  there,  and  allowing  the  steam  to 
s  down  and  under  the  packing-ring,  thus  placing  it  in  equili- 
im;  then  all  that  is  required  is  a  very  light  spring  to  hold  the 
king  in  contact  with  the  cylinder. 

Iiere  are  (bur  valves — two  steam  and  two  exhaust.  The  steam- 
res  are  looated  on  the  top  of  the  cylinder  at  each  end,  and 
1  directly  into  the  clearance,  which  obviates  the  waste  induced 
the  use  at  long  passages.  The  exhaust-valves  are  placed  in 
exhaus^thest  on  the  lower  side  of  the  cylinder,  and,  as  in  the 
i  of  the  .steam-valves,  open  into  the  clearance  spaces,  which  ar- 
^ement  &cilitat6s  the  escape  of  the  water  of  coudensfLtion  from 
cylinder,  and  obviates  the  liability  to  accident.  The  four 
res  are  moved  by  one  eccentric  through  the  intervention  of  a 
it-plate;  the  same  valves  admit  and  cut  off  the  steam, 
he  steam-valve  in  these  engineis  commences  to  open  its'  port  at 
end  of  the  cylinder  when  the  eccentric  is  producing  its  most 
id  movement,  and,  as  the  motion  of  the  eccentric  is  declining 
ards  the  end  of  the  throw,  an  increasing  speed  is  obtained  by 
.ns  of  the  wrist-plate,  which  compensates  for  the  slow  motion 
he  eccentric.  At  the  same  time  the  steam- valve  at  the  oppo- 
end  of  the  cylinder  commences  to  lap  its  port  by  the  motion 
he  eccentric,  but  by  a  reverse  or  subtraction  of  speed  pro- 
ed  by  the  same  wrist-plate,  which  speed  is  constantly  decreas- 
till  the  throw  of  the  eccentric  is  completed.  Or  in  other 
ds,  the  lapping  and  opening  of  the  steam-ports  require  each  the 
e  amount  of  throw  of  the  eccentric,  producing,  for  instance,  a 
of  i  an  inch  at  one  end  of  the  cylinder,  while  the  opposite 
has  an  opening  of  one  inch  and  one-eighth.  The  exhaust- 
ires  are  moved  by  the  same  eccentric  and  the  same  wrist-plate 
)re  spoken  of,  but  they  have  a  much  greater  travel  for  the 
pose  of  ridding  the  engine  of  the  exhaust  steam  easily  through 
exhaust-ports,  which  are  as  long  and  twice  ab  wid^  «>a»  \3w^ 
m-ports,  and  therefore  back  pressure  on  lYve  \i\«X.ovi  c>i  X)cv^  <kv\.- 
js  avoided.     The  rapid  opening  and  slow  \ap^vu^oi  \Ja&  ^^ 
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haust-ports  are  obtained  in  the  same  manner  as  in  the  case  of  the 
steam-ports,  but  much  faster,  as  the  travel  is  greater  on  the  open- 
ing of  the  exhaust  than  on  the  opening  of  the  steara-port,  in  order 
to  get  a  free  and*  full  opening. 

The  variations  of  load  upon  these  engines  are  commnnicgtod 
to  the  steam- valves  instantly  by  the  governor,  the  valves  iMiDg 
moved  by  a  force  distinct  from  it,  yet  subjected  to  its  reguliitioii. 
The  governor  in  no  case  performs  any  work,  and  only  indieaM 
the  changes  required  to  the  levers  which  move  the  valveSi  and 
needs  only  sufficient  force  to  move  a  small  stop.  Its  movemoit 
is  attended  with  the  least  possible  friction ;  the  stop  presento 
hardly  any  resistance  to  the  governor,  except  at  the  very  instant 
when  it  is  in  actual  contact  with  the  lever  constituting  its  fulcrum. 
This  momentary  resistance  by  the  bearing  of  the  lever  on  the 
stop  as  a  fulcrum  occupies  so  small  a  space  of  time  that,  com- 

• 

pared  with  the  period  during  which  the  governor  is  left  free  to 
move  the  stop,  it  is  practically  nothing.  As  a  precautionary 
measure,  a  safety  stop  is  connected  with  the  valve-gear,  so  that  in 
case  the  governor  should  become  inoperative,  and  should  fail  to 
act,  the  steam-valves  become  unhooked,  and  cannot  open,  and,  as 
a  universal  result,  the  engine  is  stopped,  although  the  valve  in  the 
steam-pipe  may  ])e  wide  open.  The  valves  are  circular,  and  oscil- 
late on  fixed  bearings  in  the  front  and  back  bonnets.  The  valve 
stems  have  flat  blades,  which  extend  the  whole  length  of  the  valves 
in  the  steam-diest,  and  to  which  levers  are  keyed  for  the  purpose 
of  giving  them  motion.  The  valves  are  fitted  in  such  a  manner 
as  to  be  capable  of  adjusting  themselves  to  their  seats,  as  their 
faces  and  seats  become  warm.  Any  one  of  them  can  be  adjustal 
independent  of  the  other,  and  can  ])e  removed  from  the  valve- 
chests  by  unserewing  four  l)olts,  and  withdrawing  a  key  at  the 
point  at  wliicli  it  is  attijched  to  the  lever.  The  valve-gear  of 
these  en^niK-s  may  be  worked  l)y  hand,  even  under  extreme  steam 
;>rossure. 

The  automatic  cut-off  feature  \n\\\  ^^^  v\wv\v.t^Vc\v.A  ^x«w\^wQT.am- 
*'V7  oi'  ihu  accompany  in^^  euV,  \n\\w\\  Awnn*  '^^^  viv\v^.xvt^vi\ xV^f. ^^J. 


Harris  Beleaelns'  MechetnlsiD, 

ipg  mechanism.  Referring  to  the  latter, 
'hich  IB  of  the  aenji-rotary  type,  is  car- 
ried, on  the  spindle,  B, 
which  receives  its  motion  ' 
from  the  wrist-plate  by  meana  of  a  rod 
which  is  atlBched  at  the  point  A.  The 
motion  of  the  governor  is  transmitted  to 
the  releasing  mechanism  by  means  of  the 
rods  ebown  at  D,  and  this  motion  is  used 
to  effect  the  release  of  the  valve  from  the 
wrist-plate.  As  soon  as  it  is  released  the 
dash  pot,  wh  ich  ia  attached  to  the  bottom 
of  the  rod  C,  <]uickly  pulls  down  and 
thus  closes  the  valve.  It  will  be  ob- 
served that  there  are  no  springs  used  in 
^e  closing  being  effected  entirely  by  means  of  the 
gimple  and  will  be  underaUnA.  ^tuwi  'iJa'^ 
xational  cut. 
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The  valve-stems  of  these  engines  are  packed  with  an  imj 
metallic  pacbiug,  which  is  claimed  to  possess  many  advantf 
respect  to  freedom  from  friction  and  wear,  over  hemp,  cot' 
any  other  fibrous  substance,  for  the  stems  of  oecillatiDg  or  i 
ing  enginea,  ns  illustrated  by  the  following  out: 


A  represents  the  valve,  S  the  valve-seat,  and  D  the  valvi 
or  rod,  which  is  outside  the  chest,  and  upon  the  end  of  vh 
the  toe  with  which  the  valve-gear  engages  to  rock  the  va 
enable  the  port  to  be  opened.  ^  is  a  standard  or  braeke 
Jecting  from  the  side  of  the  steam-chest,  and  bolted  tl 
through  which  the  valve-rod  passes,  and  by  which  the  val^ 
and  the  valve  connected  with  it,  are  sustained  and  supper 
their  proper  relation,  all  of  which  is  familiar  to  the  constr 
if  steam-engines.  At  the  inner  end  of  the  bracket,  £,  an 
-entric  with  the  hole  through  which  the  valve-rod  passes,  a 
«  cui,  A  collar,  F,  is  then  shrunk  upon  the  valve-rod,  or 
ivLfie  tightly  fitted  thereto,  so  as  to  make  a  flange,  and  is  I 
off  to  fitce  and  fit  the  recess  when  the  valve-rod, valve,  and  b 
iru  ill  their  proper  relation.  The  face  of  the  flange,  F,  ai 
seat  of  the  recess,  u,  should  also  be  round,  so  as  to  make  a  i 
tight  joint. 

The  Harris-Corliss  Engine  is  one  of  the  oldest  and  best  V 

types  of  Corliss  Engines,  and  besides  the  distinctive  features 

original  CorWss  engine,  it  contains   many  improveroents  i 

details  of  construction.     Tl  ia  WWl  Xi-j  'Ctva  "^"■Hsvb.to.  &.,  I 

^■Dgint  Co.  of  Pro'videticft,  "B-A. 
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ReiVrriiig  to  tlie  latter, 
li-rotary  type,  is  car- 
ried, on    the  spindle,    B, 
wbich  receives  its  motion 
from  the  wrist-plate  by  rneana  of  a  r( 
which  is  attached  at  the  point  A.    Tl 
motion  of  the  governor  is  transmitted 
the  releasing  mechaaism  by  means  of  til 
rods  shown  at  D,  and  tliis  motion  is  u 
to  eflbct  the  release  of  the  valve  from 
wrist-plate.    As  soon  as  it  is  released 
dash  pot,  which  is  attached  to  the  bottoi 
of  the  rod    C,  quickly  pu!!s  down 
thus  closes  the  valve.      It  will  he 
served  that  there  are  no  springs  used  i 
I,  the  closing  being  efiected  ent\re\5  \>'5  ■Kiiia.vi%  oS 
icb  ia  very  eim^ilQ  uiid  will  lie  uiMie.i;%V><^  ^^^ 
jj'  seationa! 
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The  governor,  which  is  of  the  Porter  loaded  pendulum  "type 
connected  to  this  gauge  plate  that,  aa  the  speed  increases,  the 
is  lowered,  and  vice 
In  the  diagram  £  I 
reaenta  the  steam 
and  D  D'  the  valve- 
to  which  are  attacli 
arms  C  C  of  the 
levers  A  A'.  B  i 
sockets  which  enab 
toes  A"  K'  to  rise. 
operation  of  the  val? 
may  now  be  explai 
7alve-ffear  of  Improved  Greene  Eoslne.  follows:  Astheslidi 
7  moves,  say,  in  the 
tion  of  the  arrow,  the  back  of  the  tappet  G*  engages  the  ' 
and  opens  the  valve  attached  to  the  stem  !>  to  ateani.  Evi 
this  will  take  place  at  exactly  the  same  point  in  each  slro 
dependent  of  the  position  of  the  governor  balls  ;  hence  the 
constant.  As  the  motion  continues  the  toe  will  be  relea 
some  point  in  the  stroke,  depending  on  the  height  of  the 
G',  or,  in  other  words,  on  the  position  of  the  governor 
When  it  is  released  the  toe  drops  into  its  original  positic 
closes  the  valve  quickly.  In  the  nieantime  the  other  toe 
I  forced  into  the  socket  B,  as  showii  in  the  cut,  from 
>  position  it  drops  by  virtue  of  ite  own  weight  when  the  taj 
has  moved  far  enough  to  the  right.  On  the  reverse  tin 
course,  the  other  toe  is  brought  into  action,  and  the  valve  < 
opposite  side  of  the  cylinder  is  opened  and  closed  in  a  f 
manner.  The  amount  of  opening  of  the  steam  valves  ai 
joint  at  which  they  are  closed  are  determined  by  the  height 
tappets,  which,  as  has  already  been  stated,  are  under  con! 
the  governor.  The  governor  has  a  safety-stop  motion,  so  an 
hat  Bhould  the  governor  be\l  rvin  wK  ot  fce,  ^on^xoot  ato^ 
^tbe  admiBBion  of  etearo  to  &&  cjVmiw  -wwii^ 
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Other  respects  the  engine  offers  no  special  features.  It  has 
n  in  use  for  many  years,  and  has  proved  very  successful  under 
editions  similar  to  those  which  render  the  Corliss  type  of  en- 
66  desirable.  It  is  built  by  the  Providence  Steam  Engine 
npany,  of  Providence,  R.  L 

The  High-ispeed  Automatic  Cut-off  Engine. 

Phe  class  of  engines  known  as  the  high-speed  automatic  cut- 
type,  which  now  comprises  a  large  variety  of  designs,  owes  its 
elopment  largely  to  the  unusual  growth  of  electric  lighting 
m  isolated  plants,  and  electric  railway  service.  Engines  of  this 
38,  while  applicable  under  various  conditions,  are  designed 
manly  to  meet  the  requirements  which  the  nature  of  this  ser- 
e  imposes.  An  engine  used  for  driving  a  lighting  or  power 
ierator  is  constantly  subjected  to  sudden,  and  often  very  con- 
erable,  variations  of  load,  and  under  these  circumstances  must 
lintain  a  constant  or  nearly  constant  speed.  It  must  also  be  . 
momical  in  the  use  of  steam,  run  at  a  comparatively  high 
ary  speed,  and  be  simple  in  design.  These,  briefly,  are  the 
iditions  which  have  evolved  the  high-speed  automatic  cut-off 
[ine,  a  few  of  the  leading  types  of  which  will  now  be  described, 
general,  it  may  be  said  that  these  engines,  while  not  so  eco- 
Qical  in  the  use  of  steam  as  the  Corliss  type,  are  vastly  better 
n  the  old  throttling  engines.  They  consume  from  thirty  to 
•ty-five  pounds  of  steam  per  horse-power  hour  when  operating 
ler  a  boiler  pressure  of  eighty  pounds,  and  cutting  off  at  one- 
rter  stroke,  while,  when  corapounded,  which  is  frequently 
e,  their  steam  consumption  is  about  twenty-five  pounds.  The 
jlation  of  the  speed,  which  can  be  effected  to  a  great  nicety,  the 
iation  being  oflen  less  than  two  per  cent,  from  the  normal 
n  the  full  load  is  suddenly  thrown  on  or  off,  is  usually  by 
us  of  a  single  valve  and  shaft  governor,  although  this  arrange- 
it  is  modified  in  some  instances,  as  in  the  "  Fowt  V^\m^" 
ickeja/'^iiJ  ''Porter-Allen  "  engines. 
Me  there  are  a  great  many  different  designs  oi  ew^vvi^'e>  oi 
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■  the  automatic  cut-off,  high-spwd  type  in  tsiateuce  at  the  preaeii 
day,  the  whole  class  may  be  illuetTHt^d  hy  a,  description  of  a  fei 
representaiive  engines,  the  ditlereiice  ia  iiioBt  being  mainly  in  dt 
tails  of  constructiuD.  Among  those  of  American  manufactur 
which  have  proved  suuceasful,  tlie  following  may  be  mentionei 
Straight  Line,  Purter-Allen,  Buckeye,  Armiugton  &  Sims,  IdaJ 
New  York  Safety,  Macintosh  &  Seymour,  Bail,  Ball  &  WooJ 

■  Atlas,  Ames,  Watertown,  Fisher,  Payne,  Kussell,  Woodbury, 
Cooper,  Imperial,  Alfree,-and  others. 


Tlie  Buckeye  Engine. 


Several  different  designs  of 
£ngine  Company,  of  Salem,  Obii 


built  fay  the   Buclcejl 
known  as  Buckeye  Jl 


ginee.  These  differ  mainly  as  to  the  style  of.  the  frame,  whict 
in  every  case  designed  to  meet  the  particular  requirements  of  lb 
engine.  That  illustrated  on. pages  438  and  439  reprexpU 
"  Girder  Frame  "  type,  because  its  croes-eection  resembln  tW 
an  I  girder.  It  is  provided  with  feet  under  the  cfylinder  t 
main  bearings,  and  BomeUme&  v\V\i  ua  »&&'Av»»l  \iiilMitil  pb 
midway  between  the  two.  ■  '^ 
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The  valve  gear  of  this  engine,  which  is  its  maiu  peculiarity,  is 
iigtrated  in  the  accompanying  cuts,  which  represent  sections 
rough  the  hed  and  rock-arm  and  through  the  centre  of  the 
«m  cylinder  respectively.  Referring  to  the  latter,  which  at  the 
[I  shows  the  course  of  the  steam,  the  live  steam  enters  the  chest  at 
e  point  D  and  passes  through  the  passages  a  a  and  balance  pis- 
na  d  into  the  interior  1 1  of  main  valve.     This  valve'derives  its 


Q  through  Cylinder 


lOtioD  from  a  fixed  eccentric,  which  acts  on  the  rock-arm  shown 
1  the  other  section.  The  nature  of  this  motion  and  that  of  the 
ot-off  valve  will  be  explained  presently.  The  balance  pistons  d 
K  made  steam-tight  by  means  of  piston  rings  and  followers,  the 
prings  E  being  used  for  holding  theiti  to  their  seats  when  the 
*eam  is  shut  off!  The  steam  is  admitted  to  the  cylinder  in  the 
•Miner  shown  by  the  arrows  on  the  left,  and  eAauAlei  sa  ^o-^w 
<?the  arrows  on  the  right  and  in  the  centre,  the  exVa.vi?,\.  y'**^'^''?" 
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■ 

through  the  space  6,  outside  of  the  valve,  and  leaving  by  the  pipe 
K,  The  cut-off  is  effected  by  means  of  a  cutroff  valve  operated 
by  the  combined  action  of  the  main  eccentric  and  the  cut-off 
eccentric,  whose  angular  advance  is  determined  by  the  governor. 
The  cut-off  valve  consists  of  two  plates,  c  c,  placed  on  a  common 
valve-rod.  The  maiu  valve  is  held  against  its  seat  by  the  stean 
pressure,  and  this  is  relieved  by  the  balance  pistons  and  relief 
chambers  or  recesses  cut  in  the  valve  seat,  the  arrangement  being 
so  proportioned  that  the  average  pressure  on  the  valve  is  just  srf 
ficient  to  keep  the  surfaces  in  a  good  condition.  The  motiou  of 
the  valves  will  be  understood  by  referring  to  the  section  througk 
the  bed  and  rock-arm.  In  this  cut,  a  represents  the  rock-shaft, 
which  vibrates  in  the  adjustable  bearing  b  b,  attached  to  the  engine 
frame.  The  main  rock-arm  A  is  attached  to  this  shaft  and  k- 
ceives  its  motion  from  the  fixed  main  eccentric  referred  to  above, 
the  main  valve-rod  being  attached  at  F.  The  cut-off  rock-shaft  II 
is  carried  in  the  main  rock-arm;  and  has  arms  C  and  D  attached 
at  either  end.  The  cut-off  eccentric,  whose  motion  is  determined 
by  the  governor,  takes  hold  at  the  pin  Ey  while  the  cut-off  valve- 
rod  is  attached  to  the  end  of  the  arm  D.  It  will  thus  be  seen  that 
the  cut-off  valve  derives  its  motion  from  the  combined  action  of 
the  two  eccentrics.  Its  travel  on  the  main  valve  is  constant,  and 
hence  there  is  no  tendency  to  "  wear  shoulders  "  on  its  seat.  In 
many  of  the  newer  forms  of  Buckeye  Engines  the  flat  valves  are 
replaced  by  piston  valves  for  use  with  very  high  pressures. 

The  type  of  engines  shown  on  j)p.  438  and  439  are  simple,  slov- 
(rotary)  s[)('('d  horizontal,  non-condensing  engines,  but  they  can 
be  and  are  built  on  the  same  general  lines  to  run  at  -high  speeds 
compound,  and  condensing.  The  Buckeye  Engine  was  one  of 
the  first  in  which  shaft  regulation  was  used ;  its  governor  ha 
already  been  described  and  illustrated  (see  "Governors,"  p.  422'. 

Tlie  Porter-Allen  Engine. 

The  cut  on  page  441  re\u'esenta  a  front  view  of  the  Porter- 
i,  Higb-spmid,  Automatic  Cvi\.-o«^tL^\\i^.^«^vw^'^'^^ 
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■plate,  governor,  crank,  guides,  steam  and  exhaust  piping,  etc,  It 
will  be  observed  that  the  Iwd-plale  is  of  the  box  i'onn,  c](*ed  K 
the  top  and  widened  at  the  base,  strongly  ribbed,  and  nilh  t  beaffl 
internal  flange  at  the  base.  The  main  joumai-boxee  are  carria 
at  one  end  of  the  bed-plate,' wliile  the  cylinder  overhangs  at  ill 
other,  being  bolted  to  a  circular  bead  cast  in  one  piece  nilii  di 
frame.  The  whole  frame  is  designed  to  resist  the  strains  iDduol 
by  high  pressure  and  high  speed,  and  the  engine  when  raaiiDi 
at  the  highest  piston  velocities  is  practically  free  froni  vihralJii 
thus  keeping  the  moving  parts  in  alignment  and  permitting  m 
bearings  to  run  cool  without  exeeaaive  lubrication.  ! 

The  valve  gear  and  governor,  invented  by  Mr.  John  F.  AlW 
are  worthy  oi'  uuiice,  as  tliey  constitute  a  system  of  steam  ^M 


Section  tbrousb  Cylindi 

iticn  entirely  different  from  that  employed  in   other  types  i 

;inea  belonging  to  this  cla^s.     The  governor  with  its  eccCDlf 

link  motion  have  already  been  fully  described  under  "G"' 

"  (see  page  416).    TVie\a\\esM6'A\w^-w,teiim  the» 

It,  which  represents  a  Xo-n^AVxi&nii  sw^vst^  i 
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ier.  There  are  four  valves,  two  each  for  steam  aii«[  exhaust, 
of  the  steam-valves  is  operated  by  a  separate  rod,  while  the 
shaust-valves  are  coupled  to  a  common  rod.  The  motions 
e  valves  .will  be  more  fully  described  below.  All  of  the 
3,  as  will  be  observed  from  the  arrows  in  the  cut,  open, 
taneously,  four  passages  to  the  admission  or  release  of  the 
.  They  consist  of  tiat  plates  sliding  between  their  seats, 
*  pressure-plates"  which  relieve  the  steam  pressure,  pro- 
g  a  balanced  valve.  This  feature,  together  with  the  fact 
he  rods  take  hold  in  the  centre  line  of  the  valve,  insures 
aum  and  uniform  wear  both  on  the  valve  and  seats.  The 
ist,  as  already  stated,  is  effected  by  means  of  independent 
3  and  passages,  and  therefore  the  passages  through  which  the 
enters  are  never  chilled  by  the  exhaust.  The  economy  in 
se  of  steam  which  results  from  this  arrangement  and  the 
ment  of  a  variable  cut-off  without  any  change  in  the  release 
ompression,  constitute  the  principal  advantages  of  the  **  four 
"  over  the  "  single  valve  "  type  of  engines.  In  the  sectional 
le  piston  is  shown  at  the  beginning  of  its  stroke,  and  the 
-valve  at  the  lower  crank  end  has  just  opened  the  ports  to 
sion,  while  the  one  at  the  head  end  is  at  the  extremity  of  its 
The  exhaust- port  at  the  head  end  is  full  open.  The  press- 
lates  at  the  back  of  each  valve  are,  as  will  be  observed,  s 
ed  opposite  the  ports,  and  these  plates  are  so  arranged  that 
¥ill  not  only  relieve  the  pressure  acting  upon  the  backs  of 
lives,  but  will  also  act  as  relief  valves  in  case  there  should 
Y  water  in  the  cylinder.  The  steam  pressure  always  acts  on 
plates,  but  whenever  the  pressure  in  the  cylinder  exceeds 
n  the  steam-chest,  the  plates  are  moved  back  until  they  come 
itact  with  the  cover,  thus  allowing  the  excess  of  pressure  to 
ieved  before  it  can  do  any  harm  in  the  cylinder. 
B  motion  of  the  valves,  will  be  understood  from  the  cuts 
Qg  the  eccentric  and  link  on  page  417,  and  the  accompany- 
levation  showing  the  valve  connections,  ^eiexrvw^  \^  \J^<^ 
the  rod  shown  partially  at  the  left  istVve  oi\^  n^V\cN\  ^\.\\& 
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other  eothis  attached  to  the  link-block,  the  position  of  wiud 
the  link  is,  ae  will  be  remembered,  under  the  control  of  the  | 
emor.  This  rod  imparts  its  motion  to  an  arm,  as  ehowo,  wl 
motion  is  communicated  \ty  a  rock-ahaft  to  two  other  ann 
which  the  steam-valve  rods  are  attached.  These  arms  are  m 
dilferent  angles  on  the  rock-shaft,  so  that  one  is  in  a  nearly  n 
cal  position  and  moving  its  valve  with  the  greatest  poa 
velocity,  when  the  other  is  almost  horizontal  and  hence  inipar 
practically  no  motion  at  all  to  its  valve.  The  object  of 
arrangement  is  clear.  The  vertical  positions  of  tbe  rock-i 
correspond  to  the  opening  positions  of  the  valves,  which  is  b 
accomplished  quickly,  while  the  horiscuntal  positions,  corresp 


BlevatloD  Showing-  Valve  Connectioiia, 

ing  to  those  in  which  the  valves  are  closed,  reduce  the  raoti( 
the  valve  praciically  to  an  interval  of  rest.  By  this  arrangen 
ciiIIihI  a  ditferential  valve- movement,  the  valves  are  quickly 
liilly  openwl.  while  the  period  during  which  they  are  clo« 
obtiiined  bv  a  very  slow  motion,  instead  of  by  moving  the 
L'iv;itt'r  distance  at  a  uniform  speed.  The  exhaust-valve  ro 
iitmched  to  a  fixed  point  at  the  top  of  the  slotted  link,  so  that 
•  i|Hniiiii;  ami  closing  of  the  exhaust- valvea  remain  invarii 
Thf  admission  a?  well  as  the  cut-off  being  under  control  of 
(ioviTiior,  iluTo  is  a  slight  ditf-ronce  in  lead  for  different  h 
and  [liL-ro  is  iit  all  limt's  a  ditTerence  in  lead  at  either  end  of 
btrokc,  tile  lattor  being  {>K>portional  to  the  difference  in  the  pi 
Vflofhifs  finim'd  by  the  anga\a'cVu  of  the  connecting-rod. 
T"A«  Porter-Allen  waa  one  ot  xVft  tt*.  wvwsw&iJi. Nasfr^l 
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B.     It  is  built  by  the  Southwark  Foundry  and  Machine  Co. 

ladelpbia,  in  sizes  ranging  from  45  to  2500  horse-power, 

has  met  with  great  success,  not  only  on  account  of  the 

of  its  design,  but  also,  largely,  on  account  of  the  high  class 

rkmanship  embodied  in  its  construction.     Its  speed  regula- 

j   very  close,  and  it  is  therefore  well  adapted  for  electric 

ig  service. 

The  Straight  Line  Engine. 

»  Straight  Line  Engine  was  caie  of  the  first  of  the  high-speed 
s  in  which  a  single  slide  valve  was  used,  in  connection  .with 
t-governor,  to  regulate  the  speed  under  varying  conditions 
d  by  altering  the  point  of  cut-off,  but  it  is  now  built  both 
ngle-  and  double-valve  engine.  The  cut  on  page  447  repre- 
he  single-valve  type,  and  examination  of  this  at  once  sug- 
he  derivation  of  its  name.  Professor  Sweet,  the  designer  of 
igine,  claims  that  all  strains  go  in  straight  lines,  and  he  has 
the  plan  of  the  engine  to  conform  to  this  idea.  All  bound- 
les  are  made  straight,  ending  in  curves  to  avoid  corners,  and 
»ss-sections  are  rectangular  with  the  corners  rounded.  The 
g  arms  are  wide  and  thin,  with  the  greatest  dimension  in 
rection  of  the  greatest  strain.  The  frame,  cylinder,  and 
chest  are  all  cast  in  one  piece,  the  whole  being  supported 
;  foundation  at  three  points,  which  has  the  great  advantage 
be  engine  remains  in  perfect  alignment,  although  it  is  some- 
more  expensive  to  build  than  it  would  be  if  the  cylinders 
jast  separately  and  bolted  to  the  frame.  For  re-boring  the 
lers  a  portable  arrangement  for  mounting  on  the  engine  has 
devised  which  makes  the  process  of  re-boring  a  very  simple 

m 

e  piston  used  in  this  type  of  engine  contains  several  novel 
•es.     In  the  smaller  engines,  the  packing  consists  of  ordinary 
5  rings,  but  in  those  of  larger  diameter  than  10"  a  different 
gement  is  used.     This  style  of  piston,  w\iicV\  \a  \\\m^\.^^V^^\t 
ita^  has  so-called  ''limited  expansion"  pack\v\^-m\^^, ^^sS^ 
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I  are  made  much  tno  large  for  the  cyliDder,  and  epning  b  pi 
Kwith  some  force.  They  are  then  pinaed  iu  that  position  and 
ftoutsiile  turned  to  a  pcrtcct  fit  in  the  cyliuder.  The  pin-holes 
(filed  ill  such  a  way  that  the  Huge  are  free  to  conipre^bBt 

1,  the  result  being  that  ihey  run  easily  and  c 


J 11  I  f  \hf\  .- 


Pop  Piaton. 


I 


ftjt  the  cylinder.  The  above  cut  shows  also  the  pop  featun 
pnsists  of  forcing  taper- plugs  into  the  piston  from  within 
tard  in  such  a  way  that  it  will  require  a  pressure  of  200  poi 
fer  square  inch  to  force  them  into  the  piaton.  If  the  ciam 
t  IB  iS/Jed  with  water,  these  v'''??  ™'l'  ^^  driven  into 
ton,  increasing  tlie  eleariiiice  aiiA  aWnmTi^ ^!ivft  im¥''ft«v»w 
Bit  would  be  shut  down  in  tte  naWcaX  tvsvit&e  ot  wwfl* 
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en 
again  forced  out,  restoring  the  piston  to  ila  normal 
on.     lu  the  mean  time  it  lias  been  running  with  a 
ice  volume  and  the  slight  loes  incident  thereto. 


Straigtit  Line  Slngle-vaJve  Engine. 


valve  gear  is  very  simple.     It  consists  of  a  single  eccentriffl 
I  (o  the  boss  of  the  fly-wheel,  as  already  explained  (s^ 
It  Line  Engini!  Governor,  page  419)  in  such  a  position  thai 
hie  lead  is  had.     Tlie  ec<reiitri<'.  connects  directly  by  n 
id  to  the  valve.     The  slides  for  the  valve-rod  have  1od| 
5  surfaces  and  are  provided  with  nn  adjustment  for  takin 

wear.     The  valve,  which  is  ilhisti'uted  in  the  accompany^ 
tional  cut.  is  n  thin  rectangular  plale  with  five  openin 
essnre  on  the  back  is  relieved  by  a  pre9aviTe-^\a\»  'Vi^'wefeti 
ttd its  seat  the  valve  f^lidep.     The  prePsviTC-vV'^^ft^**-  '^V^^" 
t^B>osite  the  poiu  and  rests  against  4\sVancft-v^ete»  "^^ 
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duch  a  way  that  an  exceedingly  minute  clearance  exists  bet 
the  pressure-plate  and  the  valve,  thus  relieving  the  preaBure 
at  the  same  time  preventing  the  valve  from  binding.  If  any 
occurs,  the  distance-pieces  may  be  easily  reduced  and  tigh 
restured.     The  double  ports   in  the  valves,  together  with 


Section  through  Steam-chest  and  Valv«. 


recesses  in  the  pressure-plates  provide  ample  area  for  the  pn 
of  the  steam  into  the  cylinder. 

Among  the  other  special  features  contained  in  the  desi^ 
the  Straight  Line  Engine  may  be  raentioued  the  journals,  i 
contain  rings  for  keeping  a  constant  supply  of  oil*  on  the  be 
surfaces,  the  absence  of  packing  in  the  piston  and  valve-rods 
a  special  design  of  throttle-valve,  in  which  there  is  no  face  es 
to  steam  when  the  valve  is  open  and  when  closed  none  expos 
rn?t.  The  engine  is  built  under  the  personal  supervision  of 
John  E.  Sweet  by  the  Straight  Line  Engine  Co.  of  Syracuse. 
Yi)rk.  Only  a  limited  number  of  sizes  are  to  be  had.  and 
include  onlv  Mmple  horizontal  engines.  Tliey  are  widely  ki 
and  have  an  established  reputation  for  their  excellent  work 
ship. 

The  Armington  &  Sims  Engine. 

The  >lrmington  &  Sims  ti\^«\ei,  \iVe  \Vft  '?^\x?;\ii^A\.  \is 
"ulatcd  as  to  speed  by  a  &>-->NVeft\  ^wfeta'^t  >M«a.\u  wk 


THE     engineer's     HANDY-BOOK,  449 

th  a  single  valve.  It  differs  from  the  latter  mainly  in  the  design 
the  valve,  which  is  of  the  piston  type,  which  the  builders  of 
is  engine  were  among  the  first  to  adopt.  The  Armington  & 
Das  Piston  Valve  has  already  been  fully  described  (see  Valves, 
ge  399).  The  governor  originally  employed  consisted  of  a 
ecial  form  of  eccentric  having  two  sheaves,  the  one  placed  like 
strap  around  the  other,  operated  by  the  centrifugal  action  of 
pair  of  weights.  This  governor  has  been  discarded,  however, 
d  all  of  the  Armington  &  Sims  Engines  are  now  equipped 
th  the  Kites  Governor  (see  page  422). 

These  engines  are  built  in  a  large  variety  of  sizes  and*  designs, 
during  horizontal,  vertical,  simple,  tandem-compound  and  cross- 
mpound.  They  have  been  used  very  extensively  in  the  various 
Qtral  stations  of  the  Edison  Companies  throughout  the  United 
ates,  being  belted  direct  to  the  generators,  and  they  are  now  ' 
iquently  coupled  direct  to  the  generator-shaft  either  by  means 
a  flexible  coupling  or  by  extending  the  engine-shaft  and  moyint- 
?  the  armature  spider  on  the  prolongation  of  the  shaft. 
Direct  connection  of  engines  of  the  high-speed  type  to  electric 
;hting  and  railway  generators  is  a  practice  which  has  become 
ry  general  during  recent  years.  It  has  its  advantages  and  dis- 
vantages.  Among  the  former  may  be  mentioned  the  saving 
the  floor  space,  the  abolition  of  belts,  and  the  many  sources  of 
)uble  and  annoyance  inherent  in  this  method  of  transmitting 
wer,  and  the  noiselessness  with  which  a  direct  connected  plant 
ly  be  made  to  operate.  On  the  other  hand,  a  generator  built 
'  direct  coupling  to  an  engine  is  larger  (on  account  of  the 
iuced  speed)  and  consequently  considerably  more  expensive 
an  a  belt-driven  machine  of  the  same  output.  The  plant  is 
s  flexible,  because  any  slight  mishap  in  either  the  engine  or 
Herator  renders  both  useless  until  the  trouble  is  remedied,  and 
ally,  when  the  armature  is  mounted  directly  on  the  engine 
ift,  the  whole  frame  of  the  generator  is  necessarily  in  electrical 
anection  with  the  steam  piping,  and  hence  a\so  \^\\\v  \\v^  ^^\\>cv. 
The  cut  on  page  450  represents  a  120  Korae-po^N^x  c!.xo'$}e>-^<^^- 
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tud  horizDut&l  engine  of  the  ArmingtoD  &  Sims  type,  Airm 


M  Armingtuu  A  Siins  Co.  of  Proyitk-oce.  R,  I. 

Th<>  Russell  Foor-Talrp  Eu^t)«^ 

ITIm  (bur-n|ve  engia*  is  a  tvpe  which  bss  t>cenil(«^ 
P)lblni>  !>«m>o  ■>!'  the   primipal   adT»nI.ig«s  of  thf 
I  WuU-sjytsI  cncid*,     II  nscml>Ws  tbe  high-speed  typ""'] 
V  iWfroff  i*  v-sri^x!  10  ti»crt  the  changes  in  load  bj  i" 
pT*n^«r,  and  it  rctvmblcs  tbe  Corliss  engine  ii 
«  Kv  the  MlmKeioa  and  exhaust,  thim  at 
I  m  Wkctc^valrv  cnpoce  and  «t  ibe  si 
P*flv»Mi*sw  t>  h*  4criT«d  irwo  high  r«UH<Jj 
I  ii-w-ual  of  ibc  abi«DC«  of  li 
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on  page  451,  is  a  horizontal  side-crank  engine  with  a  bed-pl 
the  well-known  "  Tangye ''  pattern.  It  rests  on  the  foundat; 
entire  length,  and  is  so  constructed  that  the  working  par 
readily  accessible.  The  cylinder  is  bolted  to  the  bed-plat 
its  outer  end  is  supported  but  not  bolted. 

The  valve  motion  consists  of  two  eccentrics,  the  one  fis 
the  shaft,  the  other  controlled  by  the  shaft  governor;  a 


Russell  Four-valve  Engrine.     Section  througrb  Cylinder  and 

Chest. 


plate  which  receives  its  motion  from  the  fixed  eccentric  a: 
parts  it  to  the  main  valve  and  the  exhaust  valves,  wh 
expansion  valve  receives  its  motion  from  the  variable  ecc 
This  motion  is  clearly  shown  in  the  accompanying  cut, 
represents  a  section  through  the  cylinder,  showing  thedistri 
and  cut-off  valves.  The  main  valve  is  attached  to  the  r 
ceives  its  motion  fto\n  t\i^  ^xed  eccentric,  which 
exhaust- valve  rods  E.    TVi^  «!L^\i!Stfi\vN^^^^Q^ 
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notion  from  the  rod  B,  .which  is  connected  to  the  governor, 
ill  be  observed  that  the  main  valve  is  of  the  gridiron  type, 
aining  three  ports.     It  is  balanced  by  admitting  steam  be- 
!n  the  valve  and  its  seats,  leaving  narrow  bridges  for  the  valve 
de  on.     The  cut-off  or  expansion  valve  rides  on  the  back  of 
main  valve.     The  exhaust  valves,  which  are  shown  in  a  sepa** 
cut,  are  cylindrical  and  of  the  semi-rotary  type,  their  motion 
g  ideutical  with  that  of  the 
lust  valves  in  the  Corliss  type 
Dgines.     The  method  of  con- 
ing the  rods  to  the  wrist-plate 

eh  that  the  valves  move  rap- 

X    ^u      *•  i»      1  J        Section  througrh  Exhaust. 

at  the  time  of  release  and 

ly  during  the  exhaust  period.  The  governor  consists  of 
weights  counterbalanced  by  spiral  springs  so  arranged  that 
1  the  speed  changes  the  eccentric  is  rotated  around  the  shaft, 
ing  the  angular  advance,  and  in  this  way  the  cut-off.  It  is 
much  like  the  Buckeye  Engine  Governor  illustrated  on  page 
and  all  that  has  been  said  in  regard  to  the  latter  applies  to 
[lussell  Governor  as  well. 

18  Russell  four-valve  engine  is  built  by  Russell  &  Co.,  of 
billon,  Ohio,  both  as  a  single  and  as  a  tandem-compound  en- 
It  is  an  engine  of  moderate  speed  and  is  well  adapted  for 
n  connection  with  electric  lighting  and  power  stations.  From 
standpoint  of  economy  it  is  far  superior  to  the  single-valve 
ne,  though  not  so  good  as  the  Corliss  type,  but  it  has  th^ 
mtage  over,  the  latter  that  it  may  be  run  at  a  higher  rotative 
d. 

Single-acting  Engines. 

lie  Willans  Engine  is  essentially  one  of  high  rotative  speed, 
ying  from  470  revolutions  per  minute  in  a  50-horse- power  unit 
rn  lo  270  in  an  800-horse-power  unit.     It  is  a  single-acting 
ibe  of  extremely  simple  design  with  tbrotttmg  ^o^etTkOt  wA 
r0B  placed  within  the  piston-rods.     It  is  uauaW^  XajSVX.  ^s^  i 
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compound  or  triple-expansion  engine  with  two  or  thm  nil 
cylinders  placed  side  by  side,  each  set  containing  a  higjfepili 
(and  intermediate  in  case  of  more  than  two  expaiuion^^ 
cylinder  placed  tandem.  The  economy  which  has  been  I 
in  tliesc  engines  is  quite  remarkable,  the  steam  consumptiott' 
in  some  test-cases  less  than  thirteen  pounds  per  indiuatod 
powor-liour.  The  results  which  are  attained  in  this  ztmfdi 
due  to  high  speed,  multiple  expansion,  quick  cut-ofl^  and 
steam  passages.  The  engine,  on  account  of  its  high  ratatiTai 
is  })Oculiarly  adapted  for  direct  connection  to  lighting 
and  the  small  floor  space  it  occupies  when  used  in  this  way] 
its  application  very  desirable  where  the  available  space  is 
The  out  on  }nige  455  illustrates  three  of  the  triple-expaiMHB 
gino8  directly  connected  to  dynamos,  the  latter  having  a 
of  124  kilowatt?,  each  at  380  revolutions  per  minute.  The 
ini;  di'soription  of  the  engine  is  furnished  by  the  American 
the  M.  C\  liullook  Manufacturing  Company  of  Chicago^  OL: 

Cranks,  Connecting-rods,  and    Eocentrios. — Each  liae 
pistons  is  oonnootovl  to  its  corresponding  crank  by  two 
similar   ivnnooiintir-nHls.  with  a  space  between,  in  whidl 
an  ooivmrio.  tonrt^l  solid  ujxin  the  crank-pin.     The  coi 
nnis  work  :u  iho  lop  upvui  two  hardened  steel  pins,  so  8a[ 
that    tho  pivssuiv  of  the   r^nis  exerts   no  twisting  strain  O] 
llioiu  :  I  ho  Oiwntriv'-nvl  plays  in  the  sjMice  between. 

risTou-Yalvi^  :irt'  us^\i.  moving  inside  a  hollow  piston-rod, 
}s\\w\\  p:Lsasi^  i\MupKtoly  tiiroujrh  the  line  of  pistons  and 
\\w  oiuis  of  tl'.o  v'v':i:ulors.     The  reason  the  eccentric  is  on 
orniik  p'.ii.  :\\\A  !>o:  o::  :ho  sl.art  a«  usual,  is  that  the  vali 
VI.  i  .  ihc  \r.>'.dc  >\:vu\yx  >:"  :::c  hollow  piston-rod)  moves  with 
pistons.     v\-.-.M\:.:.'.:.\   :::o  v.i've-iuotion  required  is  a 
ri^Uiivo  to  ilu'  ;o>:,'-.:s.  .n'o.  :':•.:>  is  obtained  by  mounting  the 
UI0  WW  I  ho  ov:i:rN  V-.1-.  w':.iv*:'.  Vko  the  piston-rod,  moves  up 
>M  with  iho  pis:ovs.     l:..  ;:^h  ::.<  lead  is  set  out  diflbrandyf 
'  mi  oi\iinav\  vVvv^/.r-sT.  /.^  <fk^iK^iQn  the  movemsBftof 
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^f  !  ,1  Parts  in  Compression— Brasses. — It  will  be  Dodced  tb»l 
\.\i<i  (ij)[icr  crank-pin  braiises  of  the  cunnecting-roda  are  meter  lliu 
the  lower  ones.  Tbis  \%  because  (lie  upper  brasses  alone 
tended  lu  !«  in  actual  contact  with  the  eruuk-pins;  tlie  luwet 
ones  are  only  ii  stand-by  in  case  of  accident.  All  ibe  nioviug 
parts  of  the  engine  are  designed  to  be  etriclly  in  "  couslant  thrust ;' 
the  connecting-rods  are  always  in  coniprefsion, 
From  the  fact  that  the  upper  or  working  braseea  never  leave  ibc 
crank-pins,  and  Ml  are  never  exposed  to  hammering  action.  boW' 
ever  slight,  they  esbibit  great  durability  when  properly  lubri' 
cated;  at  the  same  time  it  ia  evident  Uiat  no  wear  which 
take  place  in  them,  however  gi'eat,  can  lead  to  knocking,  as  lb( 
connectiug-roda  will  follow  up  the  wear  automatically.  But  a 
the  lower  bras§ef,  to  be  useful  as  a  i»taiid-by,  should  not  be  too  &l 
from  the  crank-pin,  the  wear  should  be  taken  up  when  it  beoimiK 
excessive,  say  aa  soon  as  ii.  reucfaes  g^  inch,  care  being  used 
the  lower  brasses  are  not  brought  actually  into  contact  witli  tti 
crank-pin,  and  that  sufficient  slack  is  leH  to  ingnre  an  audilila 
knock  if  the  engine  ia  allowed  to  race,  so  as  to  attract 
Ktion. 

^^I'The  eccentric-rod  is  intended  to  work  alwaya  in  compr 

^HLthe  same  way  as  the  connecting-rods,  the  holding-down  poM 

^*™ing  furnished  by  the  pressure  of  the  steam  in  the  steaia-ctM 

acting  constantly  upon  the  uppermost  piston -valve.     It  may 

times  happen,  if  the  engine  is  run  with  a  light  load  but  st  fa^ 

speed,  tliat  the  pressure  in  the  steam-chest  (being  thmttled  Avi 

by  ibe  governor)  ia  insuffiifiit  to  keep  the  eccentric- rod  in  conta 

with  the  eccentric  upon  the  up-stroke.     If  so,  a  slight  kiiockil 

may  be  heard,  as  the  lower  eccentric-strap  is  pur|>osely  left  1 

easy  fit  upon  the  eccentric  (for  reasons  already  explained  in  d> 

case  of  the  connecting-rod  brasses).     Such  knocking  is  uninipoh 

taut,  if  not  allowed  to  continue  too  long;  it  will  cease  as  soon  U 

the  engine  is  given  work  to  do. 

A  further  reason  for  the  Tuoderate  wear  of  the  brasses  (an! 

atfic-atraiw)  is  that  fhey  flap  ^oSA^  Vtftn  "ifaft- 
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crank-chamber  at  every  revolution.     In  doing  so  they  sploah  it 
over  the  main  bearings  and  to  the  Upper  ends  of  the  connecting- 


VerUcal  Seotlon  of  a  Central-valve  Compound  Bng'liie 

■ods  and  eccentrJeroda,  and  into  the  guide-cyWiAi^xft  «a  'W'^  *» 
ito  that  pare  of  the  holluw  jiiston-rod  where  t\\e  givAft  V^  "wcrf* 
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constantly  in  compression — a  condition  rendered  possible  only 
the  fact  that  the  pistons  are  single-acting,  giving  do  pull  to 
crank  upon  the  up-stroke,  but  only  a  push  upon  the  down-eti 
In  any  engine  running  at  high  speed,  however,  the  moving 
can   only  be  kept   in  compression   upon   the   up-stroke  by 
powerful  cushioning,  which  is  rarely  obtained  in  other  highi 
engines  without  excessive  compression  in  the  cylinders,  involvii 
wasteful  use  of  the  steam.     Sometimes,  when  a  high-speed  en^ 
exhausts  into  a  vacuum,  sufficient  cushion  cannot,  by  the  us 
means,  be  obtained  at  all.     In  the  Willans  Engine  very  lit 
compression  is  given  in  the  steam-cylinders,  for  little  or  nonei 
required;  the  requisite  cushioning  is  obtained  independently 
special  means,  the  subject  of  a  separate  patent.     It  is  in  &ct 
vided,  without  the  addition  of  a  single  moving  part  of  the  engii 
by  the  guide-pistons.     These,  on  the  up-stroke,  compress  the 
contained  in  the  guide-cylinders,  and  thus  any  desired  amc 
of  cushion  can  be  obtained;  according  to  the  clearance  allowed.^ 
Tlie  work  expended  in  compressing  the  air  is  given  out  again 
its  expansion  on  the  succeeding  down-stroke,  and  the  loss  wl 
the  engine  is  running  at  good  speed  is  proved  by  indicator 
grams  to  be  too  minute  to   be  worth  consideration.     There 
holes  11,  11,  in  the  guide-cylinders,  which  are  uncovered  by 
guides  at  the  bottom  of  the  stroke.     As  the  casing  or  chanil 
which   surrounds   the   guide-cylinders   (and   forms   part  of 
Iraniing  of  the  engine)  is  open  to  the  atmosphere,  it  is  evide 
that  tlie  air  compression  always  commences  at  atmospheric  pre*] 
ure,  and  is  constant  and  invariable  in  its  results,  whatever  altt 
ation    may  be  made  in  the  destination   or   the  pressure  of 
exhaust  steam. 

Internal  Relief  Valves. — In  the  low-pressure  cylinders  of  aH 

*  The  uinoiint  of  cushion  is  fixed  in  each  case  to  suit  the  intended  fpeti 

and  iniiy  })e  insufficient  to  prevt-nt  knockinjr  if  that  speed  is  largely  eiceedei 

If  for  nny  rrason  it  is  desired  lv»  tv\u  au  eu^lne  materially  faster  thanf* 

^riirinnlly  /ntrnded,  and  t\\e  e\MC\ue  \?.  U^\\w<\  Ve>  VT^c>cV^\.^^^^vcv«^as^^^ 

-eed  inuat  U?  reduceil  uul'i\  t\\e  VwocVwx^  ^^:\«a^^V^^«^ 
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^nes,  and  in  the  high-pressure  cylinders  if  large  enough  to  be 
treated,  internal  relief-valves  are  fitted,  consisting  of  a  gun- 
tal  plug  screwed  into  the  top  of  the  low-pressure  cylinder. 
e  plug  is  pierced  by  holes,  covered  by  a  single  thin  gun-metal 
c.  When  the^disc  is  raised  there  is  free  communication  be- 
3en  the  cylinder  and  the  receiver  (or  steam-chest)  above  it. 
is  kept  down  under  ordinary  circumstances  by  the  excess  of 
J  receiver  pressure  over  that  in  the  cylinder;  therefore  no 
•ing  is  required,  and  there  is  no  part  liable  to  get  out  of  order. 
&om  water  in  the  cylinder,  or  any  other  cause,  the  pressure 
es  above  that  in  the  receiver,  the  valve  lifts,  and  though  the 
ter  is  only  passed  back  into  the  receiver,  the  relief  is  found  to 
sufficient,  and  in  fact  far  more  effective  than  that  given  by 
linary  external  relief- valves.  Engines  so  fitted  have  been 
ted  by  discharging  a  cubic  foot  of  water  suddenly  into  the 
am-pipe ;  also  by  connecting  the  steam-pipe  with  the  water- 
yce  of  the  boiler  (by  a  half-inch  pipe-,  with  a  difference  of  eighty 
mds  between  the  pressure  in  the  boiler  and  that  in  the  steam- 
►e) — without  any  injury  to  the  engine  in  either  case.  In  cases 
ere  internal  relief-valves  cannot  be  used,  ordinary  external 
ves  are  fitted.  When  an  engine  is  run  without  load  the'com- 
ission  in  the  low-pressure  cylinder  may  rise  beyond,  the  press- 
i  in  the  receiver ;  the  disc  of  the  valve  may  then  be  heard  to 

at  each  revolution,  but  the  noise  will  go  off  as  soon  as  the 
eiver  pressure  is  increased  by  giving  the  engine  work  to  do. 
VlP  Cocks. — Relief  cocks  are  fitted  upon  the  guide-cylinders  in 
ier  to  avoid  compressing  the  air  in  them  when  the  engine  is 
ng  turned  by  hand,  and  to  facilitate  starting.     If  the  cocks 

opened  at  starting,  they  must  be  closed  again  immediately, 
ey  must  never  be  open  when  the  engine  is  running  at  speed,  or 
:  necessary  cushion  will  be  wanting.  The  cocks  will  be  seen  at 
avel  slightly  lower  than  the  exhaust-pipe,  but  they  are  usually 
the  front  of  the  engine  and  not  at  the  end,  where,  for  conveui- 
5e,  .they  are  shown  in  the  //tiiograph. 
>/^//i  Cocks, — The  drain  cocks  on  the  receivers  &\iow\^\^^^>2SiJ:^ 
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opened  before  starting,  and  should  be  kept  open  for  a  dioit  tii 
after  starting ;  they  must  then  be  closed  and  kept  doeed 
running,  except  occasionally  to  draw  off  any  water  which 
have  collected,  when  they  should  be  opened  only  to  the  si 
extent  sufficient  to  allow  the  water  to  escape     The  reoeii 
drains  are  connected  by  copper  pipes  with  the  exhaust-chamber. 

Lubrication. — Usually  only  one  lubricator  is  required  of 
"  Sight  Feed  "  pattern.     After  the  engines  have  worked  for 
time  a  very  small  supply  of  good  mineral  oil  will  suffice  for 
cylinders.     Grease-cups  are  also  fitted,  but  only  as  a  stand-by,  i 
for  giving  the  engine  a  small  flush  of  oil  at  starting,  or  just 
stopping  for  a  long  period. 

At  M  on  the  sectional  view  is  shown  a  funnel  for  introdacb 
oil  into  the  crank-chamber — preferably  the  best  castor  oil, 
mineral  oil.     The  funnel  (the  usual  place  for  which  is  on 
front  of  the  engine,  and  not  where  shown)  also  establishes 
munication  between  the  air-cushion  cylinders  and  the  atmospl 
when   the  guide-pistons  are  at  the  lower  end   of  their  stroi 
When  water  is  required  to  be  added  it  should   be  poured 
through  the  open  top  of  the  lubricant  gauge — not  through 
oil  funnel. 

The  quantity  of  oil  required  for  the  crank-chamber  is,  ui 
ordinary  circumstances,  very  small  indeed,  if  of  the  right  qualit 
say  from  one  to  four  pints  weekly,  according  to  the  siee  of 
engine,  the  number  of  hours  run,  etc. 

Lubricant  Gauge. — (See  plate.)     The  part  X  acts  as  an 
vessel  to  prevent  violent  oscillations  of  the  surface  at  Y,    Sir 
the  gauge  communicates  only  with  the  lowest  part  of  the  cranj 
chamber,  very  little  oil  passes  into  it,  and  any  overflow  wl 
takes  place  from  Z  consists  almost  entirely  of  water.     The  gaoj 
enables  the   quantity  of  lubricant  in  the  crank-chamber  to 
easily  ascertained  at  any  time  by  the   attendant.      The  noi 
hei^rht  at  which  the  lubricant  should  be  maintained  is  from 
quarters  of  an  inch  to  an  incYv  \i<i\o^  \Xi^  >\\!A^m4A  of  the 
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Separator. — Every  engine  is  now  fitted  with  a  steam  dryer  or 
Mirator  mounted  on  one  corner  of  the  bed-plate.  The  steam 
sers  at  the  top  and  descends  through  a  hanging  pipe  into  the 
Jy  of  the  separator.  Affcer  leaving  the  pipe  it  turns  upward 
the  exit,  which  is  near  the  top,  while  the  particles  of  water, 
ich  are  heavier,  are  shot  downward  by  the  velocity  with  which 
iy  leave  the  hanging  pipe.  A  gauge-glass  is  fitted,  and  a  drain, 
5  cock  on  which  should  be  so  adjusted  as  to  keep  a  little  water 
the  glass  just  in  sight. 

Governor. — The  construction  of  the  governor  and  the  throttle- 
Ive  is  sufi^ciently  shown  by  the  drawing. 

The  Westinghouse  Engine. 

The  Westinghouse  Engine,  like  the  Wilians,  is  a  single-acting, 
;h-speed,  vertical  engine,  but  it  differs  from  the  Willans  in 
it  it  is  an  automatic  cut-off  and  not  a  throttling  engine.  Its 
iign,  also,  is  very  different.  The  Westinghouse  engine  is  built 
three  different  styles  called  respectively  "  Standard,"  "  Junior," 
1  "  Compound,"  which  all  embody  the  main  features  peculiar 
this  type  of  engine,  differing  only  in  the  details.  Hence  a 
ef  description  of  one  of  these,  the  "  Standard,"  will  suffice  to 
w  the  peculiarities  of  the  engine.  The  Westinghouse  Standard 
gine,  illustrated  in  the  cuts  on  page  464,  consists  of  two  verti- 
cylinders  bolted  to  the  top  flange  of  a  cast-iron  casing,  which 
3  as  a  pedestal  for  the  engine  and  also  as  a  receptacle  for  the 
ricant,  which  consists  of  a  mixture  of  oil  and  water,  into  which 
moving  parts  dip  at  every  revolution.  The  pistons  contained  in 
se  cylinders  are  acted  upon  by  the  steam  only  at  the  top,  while 
the  bottom,  which  is  open,  they  carry  a  wrist-pin  which  engages 
i  end  of  the  connecting-rod.  The  other  ends  of  the  connecting- 
Is  act  upon  a  common  shaft  with  cranks  set  180  degrees  apart, 
i  it  will  be  observed  that  there  is  no  piston-rod,  stuffing-box, 
sshead  or  guides,  the  connecting-rod  and  crank  being  the  only 
ks  used  for  transforminfr  the  reciprocating  moXAcyxv,  ^i  \)sv%  Y^^'^'^'^ 
)  the  rotary  motion  of  the  shaft.     In  tlve  ^m^iW^x  ^xi^tl^'s*  N>aa. 
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r  Aranke  and  shaft  are  forged  in  one  piece,  while  in  the  larger  iiiiil| 
the  cranks  are  forced  on  the  shaft  and  keyed.    The  main  bearing 


*n  Unvtl  with   Babbitt  met»\.  *nA  »Te  eav^\\ed  iirilh  i 
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ked  its  way  past. the  bearings  and  returns  it  to  the  crank-case, 
additional  bearing  is  provided  near  the  centre  of  the  shafl  for 
purpose  of  relieving  the  «haft  of  the  strain  produced  by  the 
1st  of  the  pistons. 

he  valve,  which  is  of  the  piston  ^type,  is  placed,  in  the  Stand- 
Eogine,  in  air  oblique  position  between  the  pistons,  the  ports 
g  so  arranged  that  steam  is  admitted  alternately  into  the  two 
iders,  just  as  in  a  double-acting,  single-cylinder  engine  it  is 
itted  alternately  at  either  end  of  the  cylinder.  The  valve  re- 
es  its  motion  from  an  inertia  shaft  governor  placed  between 
cranks,  which  depends  for  its  action  upon  the  inertia  of  two 
;hts  counterbalanced  by  spiral  springs,  so  arranged  that  when 
$peed  increases,  the  throw  of  a  loose  eccentric,  and  hence  also 
ravel  of  the  valve  is  reduced.  The  governor  has  no  novel  feat- 
,  and  it  works  under  the  disadvantage,  shared  by  all  governors 
lis  class,  that  the  compression  and  release  are  altered  with  the 
)fr. 

he  ''  Junior"  Engine  differs  slightly  from  the  Standard  in  de- 
The  governor  is  placed  in  the  wheel  outside  of  the  casing, 
the  valve-chest  is  placed  horizontally  over  the  cylinders,  in- 
l  of  between  them.  In  the  Compound  Engine  the  high-  and  the 
pressure  cylinders  (each  single-acting)  are  placed  side  by  side, 
general  design,  however,  and  the  method  of  lubricating  are  the 
J  in  all.  These  engines  are  well  adapted  for  a  variety  of  uses. 
T  are  especially  valuable  in  locations  where  the  engine  is  ex- 
i  to  dust,  since  the  working  parts  are  almost  completely 
>sed  in  the  casing.  Its  high  speed  and  close  regulation  make 
eful  also  for  electric  lighting  and  railway  service,  although  it 
)t  nearly  so  economical  in  the  use  of  steam  as  many  of  the 
3  of  engines  which  are  used  for  this  purpose. 


30 
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CHAPTER  T^T^T 

0 

INSTALLATION,  CARE,  AND  MANAGEICBNT  OF 

ENGINES. 

Location  of  Engine. 

• 

The  location  of  the  engine  is  generally  the  first  problem 
which  the  engineer  is  confronted.    It  is  a  difficult  matter  to 
any  rules  which  would  apply  in  all  cades,  as  the  selection  of 
best  location  will  depend  upon  a  variety  of  circumstances.    It 
very  important,  however,  to  choose  a  place  upon  which  a 
foundation  may  be  built,  as  there  is  nothing  that  will  so  quic 
ruin  ieven  the  best-built  engines  as  an  unstable  foundation, 
ing  made  sure  of  this  point,  it  is  best  to  place  the  engine  in 
a  position  as  to  leave  ample  room  on  all  sides,  so  that  the  ei 
neer  in  charge  may  have  ready  access  to  all  of  the  parts  for  lubt 
cation  or  any  other  attention  they  may  require.     It  is  often 
mistake  to  locate  an  engine  at  the  extreme  end  of  a  building  or  I 
long  line  of  shafting,  as,  if  the  engine  is  located  to  divide 
work  equally,  the  strain  on  the  section    carrying  the  dri^ 
pulley  wiU  be  only  one-half  what  it  would  be  subjected  to  if 
motion  were  communicated  from  one  end.     Engines  are  frequent 
so  located  for  the  ostensible  purpose  of  economizing  space ; 
on  examination  of  the  surroundings,  it  will,  in  a  majority  of 
be  found  that  no  more  space  need  be  occupied  by  placing  it  in 
centre.      These   and  similar  considerations  will   determine 
best  location,  but  it  is  generally  best  to  leave  this  point  to 
one  who  is  not  only  thoroughly  conversant  with  the  condit 
under  which  the  engine  has  to  work,  but  is  also  possessed  of 
experience  in  the  matter  of  laying  out  steam-engine  plants. 

'ig  decided  on  t\\e  \ocal\o\iN<WTel\\e  engine  is  intended  ti 
le  down  from  the  s\4e  q^  XNxeXwx^  q'I  ^^ybs^^^x  ^5»«^» 
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laft,  if  there  be  any,  to  the  floor,  at  three  or  four  different  places 
I  its  length ;  but  if  there  be  no  shafting,  measure  from  the  side 
*  the  building  to  the  centre,  at  five  or  six  points  in  its  length ; 
ten  strike  a  line  across  all  these  points.  This  line  will  show  with 
ifficient  accuracy  the  line  of  the  building  by  which  the  templet 
ay  be  set  up ;  the  latter,  as  shown  in  the  cut  on  page  468,  should 
i  a  fac-simile,  or  exact  counterpart  of  the  bottom  of  the  bed-plate. 

may  be  made  of  inch  pine  boards,  and  set  on  four  props-  over 
e  excavation,  after  which  it  must  be  squared  and  levelled  with 
e  lines  previously  taken.     The  anchor-bolts  may  now  be  hiing 

the  templet,  and  the  bricklayers  proceed  with  their  work.  It 
customary  to  lay  from  two  to  three  courses  of  bricks  on  the  bot- 
m  of  the  foundation  before  the  anchors  are  reached.  These  cou- 
rt of  plates  of  cast-iron  or  old  boiler-plate,  generally  about  a  foot 
uare,  with  a  hole  suffiqiently  large  for  the  foundation  bolts  to 
p  through ;  though  in  some  instances  the  anchors  extend  entirely 
ross  the  foundation  and  take  in  two  bolts  each. 

Engine  Foundations. 

Foundations. — A  foundation  plan,  as  well  as  a  wooden  template 
p  holding  the  bolts  in  their  proper  places  while  building  the 
mdation,  is  usually  furnished  by  the  builders.  If  no  template 
furnished,  it  may  easily  be  constructed  from  the  drawings  in 
B  manner  indicated  in  the  accompanying  cut  *  which  shows  the 
mdation  in  the  course  of  construction,  with  the  template  hold- 
}  the  bolts  in  position.     The  dimensions  for  foundations  given 

the  builders  are  usually  safe.      It  is  not  well,  as  a  rule,  to  make 
Bm  any  less,  and  the  condition  of  the  ground  often  makes  it 
oessary  to  increase  the  depth  of  the  foundation,  which  should 
^ays  be  carried  to  solid  bottom. 
Before  beginning  the  foundation  itself,  a  suitable  bed  should 

prepared  to  receive  it.  The  nature  of  this  is  dependent  upon 
B  nature  of  the  soil  at  the  bottom  of  the  excavation.     K  \fcSA 

*  From  the  catalogue  of  the  Atlsis  Engine  Co.  oi  liid\aTi«L^o\\&,  \^^» 
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be  Bolid  rock  or  a  compact  stony  soil,  it  need  only  be  lereUed  ill 
and  the  brick-work  begun  at  once.  If  there  is  water  pnsea 
this  should  be  removed  by  suitable  drains,  and  if  there  it  u 
indication  of  a  soft  soil  beneath;  which  ie  liable  to  yield  latenll. 
this  should  be  confined  by  means  of  piling.  If  after  escavatiii 
toa  reasonable  depth  the  soil  cuntinuts  to  be  of  a  soft  earthjf 
sandy  nature,  a  layer  of  rubble  should  be  laid  and  well  raiume 
and  on  this  a  layer  of  from  six  to  twenty-four  inches  of  strong  cm 
crete,  also  well  rammed  and  finished  level,  to  serve  as  a  bed  forCi 
foundation.     If  no  indication  of  solid  ground  is  met  at  a  reato 
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able  distance,  and  the  soil  continues  to  be  of  a  yielding  or  « 
pressible  nature,  u  suitable  bed  may  be  prepared  also  by  drtv 
a  sufficient  number  of  piles  spaced  two  or  three  ieet  apart,  saw 
them  off  to  a  cimimon  level,  excavating  the  earth  between 
piles  to  a  depth  of  two  or  thn-e  feet,  and  filling  the  spaces  n 
concrete,  finishing!  the  whole  to  a  level  for  receiving  the  fouDi 
tiou. 

The  materials  used  in  the  foundation  should  be  concrete 
hard-biirncil  brick  or  stone  laiil  lu  cement.  The  beet  fomidati 
materia!  ia  a  single  solid  rocV,  VimV  xJaw  'vi  MWi^-j  i^(iV«^\Msn^ 
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1  a  built-up  brick  or  concrete  foundation  answers  all  practical 
rposes.  Bricks  or  stones  should  always  be  laid  in  clear  cementr 
rtar  and  no  lime  used  under  any  circumstances.  This  mortar 
>uld  be  made  of  one  part  of  Portland  cement  to  two  parts  of 
nn,  sharp  sand,  or  nearly  in  that  proportion,  with  as  little  water 
possible.  If  concrete  is  used,  it  may  be  made  in  the  propor- 
1  of  five  parts  of  hard  broken  stone,  two  parts  of  clean,  sharp 
d,  and  one  part  of  Portland  cement.  It  is  desirable,  also, 
ugh  not  necessary,  to  finish  off  the  top  of  the  foundation  with 
apstone.  * 

'oundation  bolts  should  never  be  built  solidly  into  the  founda- 
1,  as  the  spacing  of  the  holes  in  the  bed-plate  of  the  engine  is 
)le  to  vary,  and  furthermore  if  a  bolt  should  break  it  could  not 
removed  if  built  solidly  into  the  foundation.  For  these  reasons 
s  customary  to  allow  a  certain  amount  of  space  around  the 
1;,  increasing  toward  the  top.  Foundation-bolts  should  be 
3aded  at  both  ends,  and  provided  with  nuts  and  washers  and 
hor-plates  of  ample  size  to  resist  the  pull.  The  anchor-plates 
jld  be  provided  with  pockets  for  holding  the  lower  nuts  and 
vent  their  turning  if  it  should  become  necessary  to  screw  them 
►r  out. 

'he  foundation  should  be  widest  at  the  bottom,  and  slope  up- 
ds  about  2  inches  to  the  foot,  till  the  level  of  the  floor  is 
;hed,  after  which  it  may  be  carried  up  straight.  When  fin- 
(i,  it  may  be  an  inch  wider  on  each  side  and  end  than  the 
-plate ;  after  which  it  should  be  made  perfectly  level  by  means 
I  coat  of  good,  strong  mortar  or  cement.  A  parallel  piece  of 
3  wood,  1  inch  in  diameter  and  from  3  to  4  inches  wide,  made 
fectly  straight  on  both  edges,  on  which  a  spirit-level  may  be 
3ed,  will  answer  for  levelling  the  foundation. 
^ftep  the  foundation  is  level,  the  bed-plate  may  be  placed  on  it, 
ler  by  means  of  a  crane,  block  and  tackle,  or  skids  and  block- 
,  after  which  it  may  be  tied  down  and  accurately  levelled.  Ix. 
ustomarj,  w  the  ease  of  large  engines,  to  place  Yiev\^e,^\i^\7«^^>^ 
bed'pjate  and  foundatiou^  for  the  purpose  6i  \^2^\vCi'^^sxs.\oS!^' 
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stice  between  the  bottom  flange  of  the  bed-plate  and  the  bi 
work,  into  which  melted  sulphur  is  poured.  As  sulphur  is 
Influenced  by  a  change  of  temperature  than  any  other  kn 
mineral,  it  is  of  great  value  as  a  bedding  for  heavy  steam-engi 
and  other  machinery;  besides,  when  melted,  it  enters  e^ 
crevice,  and  as  soon  as  it  is  set  becomes  a  permanent  fixture, 
use  it,  it  is  necessary  to  seal  the  opening  between  the  bed-plate 
brick  work,  inside  and  out,  with  potter's  clay,  occasionally  lea 
a  gate  or  *'  sprue  "  through  which  the  molten  sulphur  is  pour 
A  line  should  next  be  accurately  drawn  through  the  centi 
the  cylinder,  and  attached  to  some  permanent  object  at  the  I 
end  of  the  bed-plate;  another  line  should  be  drawn  at  right  ai 
to  this  through  the  centre  of  the  main  bearing ;  this  latter 
give  the  exact  location  of  the  ofl^  pillow-block,  as  the  crank-i 
must  be  exactly  at  right  angles  with  the  horizontal  line  pai 
through  the  centre  of  the  cylinder.  The  fly-wheel  may  nej 
swung  into  the  pit,  and  the  shaft  slipped  through  it  and  fi 
keyed  at  the  right  position,  after  which  the  pillow-block 
may  be  screwed  down,  the  front  head  of  the  cylinder  put  on 
cross-head  placed  in  position,  the  piston  slipped  in,  and  the 
nection  between  the  cross-head  and  crank-pin  made  up.  C 
numerous  details  might  be  mentioned,  but  they  never  all  app 
any  individual  case,  and  when  any  of  them  present  themselv 
the  work  proceeds,  the  remedy  in  this  case  must  be  prescribe 
the  erecting  engineer.  In  setting  up  engines,  like  setting  v« 
only  general  instructions  can  be  given,  and  it  is  impossible  t 
down  any  that  would  apply  to  each  and  every  case. 

How  to  put  an  Engine  in  Line. 

An  engine  is  in  line  when  the  axis  of  the  cylinder  and 

Bton-rod  are  in  one  and  the  same  straight  line  in  all  posit 

lis  line  extended  should  intersect  the  axis  of  the  engiue-& 

Mid  be  at  right  angles  to  it.    TV\e  ^\\vvi<^  ^wi\.^  ^'ssi  V^  \»ar 

The  shaft  must  be  \e\e\, \iu\.  vVfe  ^^qXx^Xydl^ ^1  "^ 
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er  may  be  level,  inclined,  or  vertical,  according  to  the  design 

the  engine. 

To  **  line  up  "  an  engine,  as  it  is  generally  termed,  take  off 

cylinder-head,  remove  the  piston,  cross-head,  and  connecting- 
;  then  with  a  centre  punch  make  four  (4)  marks  in  the  counter- 
e  at  each  end  of  the  cylinder,  at  equal  distances  apart  round 
bore.  T^ke  a  piece  of  stiff  hoop-iron  with  a  hole  at  one  end 
t,  slip  it  on  to  one  of  the  stud-bolts  of  the  back  cylinder-head, 

secure  it  firmly  with  a  nut,  after  which  it  may  be  bent  in  the 
pe  of  a  crank,  one  end  projecting  across  the  cylinder  at  its 
tre,  at  a  sufficient  distance  from  it  to  admit  of  convenient  and 
jrate  measurement.    Next  draw  a  fine  line  through  the  cylin- 

and  attach  one  end  of  it  to  the  temporary  crank  above  men- 
ed,  and  the  other  end  to  a  stake  driven  into  the  floor  at  the 
k  end  of  the  bed-plate.    Then  with  a  piece  of  hard  wood  or 

wire  pointed  at  each  end  and  equal  in  length  to  half  the 
Qeter  of  the  cylinder,  set  the  line  so  that,  when  one  point  of 
wood  or  wire  is  inserted  in  any  one  of  the  centre-punch  marks 
ther  end  of  the  cylinder,  the  other  end  will  feel  the  line.  Next 
if  this  line  passes  through  the  centre  of  the  shaft ;  if  so,  the 
nder  is  in  line  with  the  shafl ;  if  not,  one  or  the  other  must 
noved,  which  requires  both  skill  and  judgment,  since  engines 
sr  so  much  in  design  and  construction.  Now  turn  the  engine- 
l  round  till  the  crank-pin  almost  touches  the  line  passing 
lUgh  the  centre  of  the  cylinder ;  then  ascertain  by  measure- 
t  whether  the  line  is  equidistant  from  the  collars  on  the 
ik-pin.  Then  turn  the  shaft  on  the  other  centre  until  the 
ik-pin  feels  the  line.  If  the  measures  correspond,  the  shaft 
1  line  with  the  cylinder;  if  not,  they  will  show  which  end 
Is  to  be  moved.  The  operation  may  have  to  be  gone  over 
iral  times  before  a  definite  conclusion  can  be  arrived  at.  The 
\  may  be  levelled  by  placing  a  spirit-level  on  it,  if  there  be 
n  ;  if  not,  drop  a  plumb-line  passing  through  tVv^  cevi\x^  Q.i  ^^ 
\k'pin  and  shaft;  then  bj  placing  the  crank  a\.\io\)tv  ee^Vc^K^ 
9t  half-stroke,  the  line  will  show  whether  the  ahaiX.  \s.\eN^  <^^ 
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not.  The  guides  may.  be  brought  into  line  with  the  cylinder, 
measuring  .from  each  end  of  each  guide  to  the  line  passing  thro 
the  centre  of  the  cylinder,  and  moving  them  until  they  are 
allel  to  the  line  and  to  each  other.  To  adjust  them  to  the  I 
zontal,  a  spirit-level  may  be  placed  on  their  top  faces.  If  no  1 
is  at  hand,  a  square  and  plumb-linef  may  be  used.  Where  t 
accessories  are  not  at  hand,  a  straight-edge  placed  across  t 
will  determine  by  actual  measurement  whether  they  are  in 
with  the  centre  line  of  the  cylinder  or  not. 

Engines  get  out  of  line  from  the  following  causes :  Fault 
design,  ikults  of  construction,  overwork,  the  character  of  the  \ 
which  they  are  performing,  or  from  the  boss  of  the  crank  wea 
away  the  face  of  the  main  bearing  against  which  it  revolves, 
move  an  engine-shaft  and  pillow-blocks  into  line  with  the  « 
of  the  cylinder,  screw  down  the  caps  of  the  pillow-blocks  fi: 
on  the  shaft ;  then  slack  up  on  the  bolts  that  tie  down  the  pi 
blocks  to  the  bed-plate,  after  which  the  shaft  pillow-blocks 
fly-wheel  may  be  moved  from  the  back  end  by  means  of  a  '. 
or  jack-screw,  after  which  they  should  be  firmly  tied  and  th( 
screws  or  wedges  readjusted.  •  To  move  a  cylinder,  if  the  coi 
tions  be  short  and  stiff,  remove  the  bolts  which  tie  it  to  the 
plate ;  then  measure  from  the  flange  of  the  cylinder  to  some 
object,  such  as  a  wall,  post,  or  column  ;  cut  a  plank  or  scan 
about  an  inch  longer  than  the  actual  measurement  from  the 
inder  to  the  wall,  so  that  when  placed  against  the  cylinder  it 
stand  slightly  oblique;  then  by  driving  on  the  end  of  the  f 
with  a  sledge  or  heavy  hammer,  the  cylinder  may  easily  be  ok 
The  holes  should  then  be  reamed,  and  new  bolts  correspoudi; 
the  reamer  substituted  for  the  old  ones. 


Piping  Engines. 

In  running  the  steam-  and  exhaust-pipes  it  is  importai 

Hvold  the  possibility  of  impecWw^  \\\^  ^^^^  ^<^^  q»^  the  si 

TLo  sizes  of  steam-  and  ex\iaus\.-\Yv\>e^  ^\\ovW  \i^'s^x\ifc\aai 
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lan  the  outlets  provided  on  the  engine..  The  pipes  should  be 
m  as  straight  as  possible,  and  if  they  are  excessively  long,  say 
irer  fifty  feet,  a  size  larger  should  be  used.  Horizontal  pipes 
lould  be  inclined  slightly,  so  as  to  alhv)  the  condensation  to  flow 
k  the  same  direction  as  the  steam.  If  the  steam  is  moist,  it  is  well 
•  provide  a  separator  somewhere  in  the  line,  so  as  to  insure  dry 
earn  at  the  eugine.  If  the  exhaust  is  condensed  and  again  used 
.  the  boiler,  an  oil  separator  should  be  placed  in  the  exhaust 
ping  (see  Separators,  p.  281).  The  steam-pipe  should  run 
jrtically  down  to  the  engine,  and  provision  be  made  for  carrying 
f  the  condensation  and  entrained  water.  Drips  from  the  steam- 
peor  separator,  cylinder,  and  valve-chest* must  be  provided  with 
lives,  and  may  be  carried  into  a  common  drain-pipe.  The  drips 
'6  sometimes  connected  to  the  exhaust^  but  this  is  not  good  prac- 
36.  Steam-  and  exhaust-pipes  when  long  must  be  run  in  such 
way  as  to  provide  for  expansion.  This  may  be  done  either  by 
serting  long  U-bends,  or  by  laying  out  the  line  so  that  the  play 
the  joints  at  the  fittings  will  allow  a  certain  amount  of  play  in 
e  direction  of  the  length.  The  pipes  should  be  suitably  sup-' 
►rted  by  pipe-hangers,  and  all  live  steam-pipes  covered  with 
me  non-conducting  pipe-covering — preferably  magnesia.  Ex- 
lust-pipes  may  be  painted  if  the  engine  exhausts  directly  into 
e  atmosphere,  but  should  be  covered  with  pipe-covering  when 
e  heat  contained  in  the  exhaust  is  to  be  utilized.  For  large 
ses  of  pipes  long-turn  elbows,  tees,  and  crosses  are  preferable  to 
mdard  cast-iron  fittings. 

The  principal  pipes  connected  with  marine  engines  and  boilers 
e  the  main  steam-pipe,  donkey-pipe,  cylinder  jacket-pipe,  whistle- 
pe,  the  steam  winch-pipe,  ballast  engine-pipe,  feed-pipes,  donkey 
jd-pipes,  donkey  suction-pipes,  and  a  hot-well  connection-pipe, 
•culating  water-pipes,  feed  suction-pipes,  air-pump  discharge, 
ge-discharge,  bilge  suction,  bilge-injection,  cylinder  drain-pipes, 
de-jacket  drain- pipes,  and  steam-jackot  drain-pipes,  blow-off-  aud 
im-pipes,  waste-steam  pipe,  cooJing-pipe,  wateT-seiVxe^  ^v^^*^. 
The  pipes,  cooks,  and  valves  used  in  connec\\on  \\\\\\  X>cv^\<2»q-^- 


476  THE    ENGINEER'S     HANDY-BOOK. 

Whenever  an  engine  is  stopped  for  any  length  of  time^ 
examine  all  its  parte,  for  the  purpose  of  seeing  if  they  are  is 
good  order. 

In  cases  of  extreme  heating,  slack  up  on  the  keys  and  ^bi^ 
permit  them  to  run  loose  for  a  time,  and  then  take  up  the  loik 
motion  gradually. 

Examine  the  piston-packing  in  the  cylinder  frequently,  for  tiis 
purpose  of  seeing  that  it  is  tight  and  in  good  order. 

Keep  the  cylinder  and  steam-pipes  well  covered  with  some  gpd 
non-conductor,  to  counteract  the  cooling  effect  of  the  atiii» 
phero. 

Whenever  a' clicking  noise  is  heard  in  the  cylinder,  open  thi 
cylinder  drain  cocks,  and  allow  the  water  to  escape ;  then  let  then 
remain  open  until  tlie  cylinder  works  dry  steam.  . 

In  giving  instructions  for  the  care  and  management  of  steam- 
engines,  too  much  stress  cannot  be  laid  upon  the  injunction, "Keep 
your  steam  always  at  the  same  pressure,"  as,  although  all  enginei 
employed  for  manufacturing  purposes  have  governors,  they  are 
not  always  reliable  or  capable  of  meeting  the  requirements  of 
varying  steam-pressures  and  varying  loads ;  consequently,  if  the 
steam  is,  through  neglect,  permitted  to  rise  above  the  working 
pressure,  tlie  engine  will  increase  its  speed,  which  will  induce  a  loa 
of  steam,  as  every  revolution  above  the  speed  at  which  the  engine 
was  intended  to  run,  and  at  which  the  machinery  is  geared  for  the 
manufacture  of  the  different  materials,  is  a  waste;  and  every  revo- 
lution the  engine  falls  below  the  regular  speed  is  a  loss  of  produc 
tion. 

Piston-Rod  nnd  Valve-Rod  Packing,  and  How  to  Use  it 

Probably  no  part  of  the  steam-engine  is  more  frequently  out 

of  order  than  the  piston-rod  and  valve-rod  packing.     This  maybe 

attriKuted  to  various  causes,  such  as  the  speed  of  the  engine; 

whether  it  is  in  line  or  not;  whether  the  piston  leaks  or  not;  the 

condition  of  tJio  piston-rod  ;  l\\o.  \^Yv}t^^\\\^  oi  XJcv^  ^\.<5ia.\tt  ;  the  clea^ 

"  in  the  cylinder,  and  \\\k\  duwacVeT  v:vt  ^^^yX.-^  Q>i  >^^ m^^x^a^ 
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'hich  the  packing  is  composed,  as  well  as  the  manDer  in  which 
applied,  and  how  it  is  treated  afterwards. 
the  engine  is  out  of  line,  the  piston-rod  will  crowd  the  pack* 
X)  one  side  or  the  other  at  certain  points  of  the  stroke ;  if  the 
»n-  and  valve-rod  are  badly  fluted,  the  steam  will  escape  through 
rrooves ;  if  the  piston-packing  leaks  in  the  cylinder,  it  will  be 
>ssible  to  keep  the  packing  around  the  rod  tight,  in  conse- 
ce  of  the  cushioning  induced  by  the  leakage.  If  the  distance 
een  the  piston  and  cylinder-head  is  not  sufficient,  the  steam 
escape  through  the  stuffing-box  as  the  engine  approaches  the 
res ;  if  the  rings  of  the  material  are  cut  too  long,  they  will 
when  screwed  up,  hug  the  rod,  and,  as  a  result,  leakage  will 
r ;  if  too  short,  the  steam  will  insinuate  itself  between  them, 
cause  leakage ;  if  the  material  is  not  of  the  proper  size  to  fill 
cavity  between  the  rod  and  the  box,  it  will  leak,  however 
Jy  it  may  be  screwed  up ;  if  the  packing  is  screwed  up  too 
;  at  first,  the  heat  induced  by  the  friction  will  soon  destroy  its 
icity,  and  leakage  will  be  the  result ;  if  the  engine  runs  at  a 
high  speed,  the  pjftcking  will  deteriorate  faster  than  if  the 
i  is  moderate ;  and  if  the  pressure  is  high,  the  temperature 
to  the  pressure  will  have  a  tendency  to  destroy  the.  packing, 
ther  cause,  and  indeed  one  of  the  main  causes  which  induce 
iug  around  piston-  and  valve-rods,  is  the  want  of  deptl)  of  the 
iug-boxes  of  some  engines,  which  will  not  receive  more  than 
rings  of  packing ;  as  a  result,  they  are  continually  leaking 
nd  the  rod,  whereas,  if  the  box  is  sufficiently  deep  to  admit 
)ur  rings,  the  leakage  nuisance  would  be  obviated, 
great  variety  of  materials  is  in  use  for  packing  purposes, 
-stone,  paper,  india-rubber,  asbestos,  tin-foil,  webbing,  wire- 
1,  metallic  packing,  etc.,  each  of  which  possesses  merit  peculiar 
self,  but,  like  governors,  and  many  other  important  adjuncts 
le  steam-engine,  not  one  of  them  was  ever  known  to  answer 
Y  place,  or  give  satisfaction  under  all  circumstances.  This 
s  from  the  fact  that  our  investigation  bas  woV  Vi^ew  ^wOv\  \\\v 
e  present  time,  on  this  subject,  as  to  enable  \xs»  X>o  d^^\^^  ^\vviS\ 
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material  will  give  the  most  satisfaction  under  the  most  yarying 

*  circumstances ;  besides,  the  best  material  may  be  rendered  oadoi 

in  a  comparatively  short  time  through  ignorance,  while  an  inferior 

quality  may  render  good  service  by  being  intelligently  treated. 

The  following  instructions  may  be  of  use  to  those  who  have  not 
had  much  experience  in  packing  piston-  and  valve-rods:  Insert i 
much  packing  into  the  box  as  will  just  allow  the  gland  to  enter; 
thou  screw  it  up  solid ;  after  which  the  nuts  should  be  slacked  fa 
the  purpose  of  allowing  the  packing  to  swell  when  exposed  to  tki 
steam ;  if  leakage  occurs,  screw  them  up  gradually  and  evenly, 
until  it  stops.  If  the  leakage  is  excessive,  after  a  sufficient  qou- 
tity  is  inserted  in  the  box,  do  not  continue  to  screw  it  up,  as  the 
heat  of  the  rod  will  soon  destroy  the  packing.  It  is  always  better 
to  stop  the  engine,  if  practicable,  remove  two  or  three  pieces,  aol 
replace  them  again  in  opposite  positions,  when  in  all  probabilitj 
the  leakage  will  cease.  Never  use  any  old  file  or  any  rough  ifr 
strument  to  remove  the  packing  from  the  boxes,  as  they  have  I 
tendency  to  abrade  or  flute  the  rods,  and  cause  leakage.  Eveiy 
engineer  and  steam-user  should  provide  himself  with  suitable 
toolss  for  ronu>ving  I  he  old  packing  from  the  boxes  and  inserting 
the  new.  •  To  tinil  I  he  proper  diameter  of  the  packing  for  ant 
stufiing-box  :  Pleasure  the  diameter  of  the  rod,  and  also  the  gland 
or  stem  of  the  stufling-box,  and  half  the  difference  between  the 
two  will  he  the  proper  size  of  the  packing. 

The  C  ansts  of  Knookins:  in  Steam-Engines. 

The  most  frequent  causes  of  knocking  in  steam-engines  ar« 

lost  motion  in  the  tross-iieail,  ^vri^t-  and  crank-pin  boxes;  loo^ 
ness  in  the  pilhnv-hloi'k  or  nuiin-hearing  boxes ;  looseness  of  the 
pist»>n-rod  or  t'ollowtr-plate ;  the  crank-pin  or  crank-shaft  being 
out  of  line  with  the  cylinder,  or  the  wrist-pin,  crank-pin,  or  main- 
bearini:  journal  heinL'  worn  oval:  the  slitle-valve  having  too  mudi 
or  nnt  rnouL^h  ha»l :  tlu-  exhaust  oponinir  being  too  soon  or  too  late; 
tilt'  vtilve  Kill 'J  1 » a  1 1 1 V  \  >vt  ^por\\v  nwA ,  ox  \\vi  «>ci'^\sfl\  ^^iS!g&^  out- 
■'  rhc  cvJinJcr  boin.;  covUTtvciviA. 
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Other  oauses  are  shoulders  being  worn  in  each  end  of  the 
^linder,  in  consequence  of  the  packing-rings  not  travelling  over 
16  counter-bore  at  each  end  of  the  stroke ;  or  shoulders  being 
om  on  the  guides,  resulting  from  the  cross-head  shoes  not  over- 
bpping  them  when  the  crank  is  at  the  dead-centre;  the  piston 
ot  having  sufficient  clearance  at  either  end  of  the  cylinder,  in 
usequence  of  its  being  altered  by  taking  up  the  lost  motion  in 
le  boxes ;  there  not  being  sufficient  draught  in  the  keys  to  take  up 
16  lost  motion  in  the  connecting-rod  boxes ;  the  packing  being 
srewed  too  tight  round  the  piston-rod ;  excessive  cushioning,  re- 
dting  from  the  leaky  condition  of  the  piston,  which  allows  the 
earn  to  occupy  the  space  between  the  cylinder  and  piston-head, 
I  the  crank  approaches  the  centre,  thereby  subjecting  the  engine 
►  an  €inormous  strain,  as  at  this  part  of  the  stroke  the  fly-wheel 

travelling  very  fast  and  the  crank  moving  very  slowly ;  or  lost 
otion  in  the  connection  by  which  the  slide-valve  is  attached'  to 
le  rod.  Engines  out  of  line  frequently  knock  sideways  at  the 
sdf-stroke,  but  most  generally  at  the  outward  or  inward,  upper 
•  lower  dead-centre,  as  these  are  the  points  at  which  the  greatest 
Tain  is  thrown  on  the  bearings,  in  consequence  of  the  direction 
?■  the  connecting-rod  having  to  be  reversed.  The  foregoing  causes 
r  knocking  in  engines  constitute  the  principal  ones.  • 

The  knocks  arising  from  lost  motion  in  any  of  the  revolving, 
sciprocating,  or  vibrating  parts  of  an  engine  may  be  located  by 
lacing  the  finger  on  the  part,  while  the  cross-head  is  being  re- 
loved  back  and  forth  on  the  guides  by  the  starting-bar;  but 
Qocks  induced  by  the  valve  opening  or  closing  too  soon,  by  a 
mtraction  of  the  exhaust,  or  by  the  valve  or  valves  being  im- 
roperly  set,  are  the  most  difficult  to  discover,  as  they  are  different 
om  those  induced  by  lost  motion,  the  sound  being  a  dull,  heavy 
ud,  in  many  instances  causing  the  engine,  building,  and  even  the 
undation  to  vibrate  at  every  stroke.  While  an  intelligent  and 
ireful  search  will  in  most  cases  result  in  successfully  locating  the 
lock,  some  will  for  a  time  baffle  the  most  expert  e\\^\w<i<et,  \w- 
wees  are  not  uncommon  in  which  weeks  have  \iee\\  dieiNo\fc^>^^- 
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gines  taken  apart  and  put  together  again,  to  find  a  knock,  wbid, 
when  finally  discofrered,  perhaps  turned  out  to  be  caused  by  a 
loose  crank-pin,  follower-plate,  or  key  in  a  fly-wheel.  .  It  not  un* 
irequently  happens  that,  after  every  other  means  have  been  » 
sorted  to,  the  indicator  has  to  be  applied,  in  order  to  determine 
the  precise  location  of  the  knock  or  "  thud." 

From  whatever  causes  knocking  in  engines  may  arise,  they  are 
a  nuisance,  which  sounds  harshly  not  only  to  the  engineer,  but  to 
ail  who  have  an  ear  for  natural  mechanics.  Nothing,  perhapi^ 
makes  the  intelligent  engineer  feel  so  cheap  as  to  be  found  in 
charge  of  an  engine  that  knocks,  as  lookers-on  are  not  alwayi 
capable  of  deciding  who  is  at  fault  —  the  engine  or  the  engineer. 

The  Remedies  for  Knocking  in  Steam-Engines. 

While  it  may  be  possible  in  most  oases  to  locate  the  knockin| 

in  steam-engines,  and  explain  the  causes  from  which  they  arise,  it 
is  hardly  possible  to  prescribe  a  remedy  for  all,  as,  in  many  in- 
stances, it  must  arise  out  of  and  be  determined  by  the  circum- 
stances of  the  individual  case.  The  most  practical  method  of 
remedying  the  knocking  induced  by  the  crank-pin  being  out  of 
line,  is  to  place  the  crank-shaft  at  right  angles  with  the  centre  of 
the  cylinder,  remove  the  old  crank-pin,  rebore  the  hole  so  as  to 
bring  the  centre  of  the  new  pin  perfectly  in  line  with  tHe  axis  of 
the  cylinder,  and  replace  the  old  pin  with  a  new  one.  The  knock- 
ing induced  by  the  wrist-pin  and  crank-pin  becoming  worn  oval, 
may  be  remedied  by  filing  them  perfectly  round ;  but  the  knock- 
ing caused  by  the  crank-shaft  journal  being  worn  out  of  round  is 
very  difficult  to  remedy;  in  fact,  there  is  hardly  any  remedy  lor 
it,  except  to  remove  the  shaft,  true  it  up  in  a  lathe,  and  refit  the 
boxes,  which  operation  is  attended  with  a  good  deal  of  difficulty, 
more  especially  when  the  engine  is  large. 

Knocking  in  the  boxes  on  the  crank-pin .  and  cross-head,  or 

valve-rod,  may  be  remedied  by  filing  out  the  boxes  and  readjust^ 

jng  the  kcyfi,  or  by  putting  a  Imet  beUlud  or  in  front  of  the  boxes, 

iv/jc/j  there  is  not  sufficient  dTau^\v\.m\)c\^V«^^^\A^gJcR».  'S^^* 
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1  the  steam-chest  caused  by  looseness  in  the  valve  connec- 
may  be  remedied  by  readjusting  tKe  jam-nuts  or  the  yoke, 
king  arising  from  this  cause  manifests  itself  more  frequently 
steam  is  shut  off  from  the  cylinder,  preparatory  to  stopping 
igine,  than  when  the  engine  is  running ;  the  lost  motion  is 

up  in  the  valve  connections  by  the  pressure  of  the  steam 
i  back  of  the  valve. 

>cking  in  the  piston  is  generally  caused  by  the  rod  becoming 
in  the  head,  and,  if  it  continues  for  any  length  of  time,  it 
ys  the  fit  of  the  rod  in  the  hole.     The  only  practical  remedy 

such  circumstances  is  to  remove  the  rod,  rebore  the  hole,  ^ 
ish  it  or  thicken  the  rod  at  that  point  by  welding,  and  fit  it 
head  after  the  hole  is  rebored  perfectly  true.  Knocking  in 
Jower-plate  is  generally  caused  by  the  bolts  beinjg  too  long, 
n  dirt  being  allowed  to  accumulate  in  the  holes,  which  pre- 
bhem  from  entering  sufficiently  far  to  take  up  the  lost  mo- 
i  the  plate,  and  may  be  remedied  by  shortening  the  follower- 
or  removing  the  deposits  from  the  bottoms  of  the.  holes,  as 
30  may  be. 

I  knocking  caused  by  shoulders  becoming  worn  in  the  cyl- 
it  each  end  can  be  remedied  by  reboring  the  cylinder,  and 
g  the  counter-bore  sufficiently  deep  that  a  part  of  one  of 
igs  will  overlap  it  at  each  end  of  the  stroke.     Knocking 

by  shoulders  becoming  worn  on  the  guides  can  be  remedied 
ning  the  guides  and  making  the  gibs  or  shoes  sufficiently 
lat  they  will  overrun  the  guides  when  the  crank  is  at  either  »^ 

The  knocking  induced  by  any  of  the  foregoing  causes  is 
Jly  a  source  of  great  annoyance  to  the  engineer,  as  any  at- 
to  acljust  the  boxes  on  the  cross-head  or  crank-pin,  or  the 
packing  in  the  cylinder,  generally  aggravate.s  the  cause  of 
ocking,  as  any  adjustment  of  the  connecting-rod  boxes  alters 
3iti6n  of  the  piston  in  the  cylinder  and  the  cross-head  on 
ides,  and  causes  them  to  strike  harder  against  the  shoulders, 
eking  caused  by  the  valve  or  va\ves  be\\\^  '\\\\^xci\^<iA^  ^'^^. 
f  remedied  by  rjemoving  the  bonnet  of  \\\^  ^X^^x^^'^^?^?  ^^^ 
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adjusiifig  the  ralve,  so  that  it  may  move  aniformlj  on  ill 
thereby  living  the  same  amount  of  lead  at  each  end  of  the  i 
then,  if  the  valve  is  well  proportioned,  and  the  oonnection 
oughly  fitted  and  skiliuliy  adjusted  there  is  no  reaaon  vhj 
engine  should  kuo'-k  frum  this  cause.     But  the  knocks 
from  had  prof><^rti«in  iu  th*.-  valve  or  steam  passages  are  the 
difficult  of  all  to  remedy,  as  they  are  inherent  in  tUe  machine. 

How  tb  BeTerse  an  Engine. 

Place  the  crank  on  the  dead-centre  and  remove  the  bonnefc 
tlie  gteam<'hest ;  observe  the  amount  of  lead  or  opening  that 
valve  ha«  on  the  steam  end ;  then  loosen  the  eccentric  and  tun 
round  on  the  main  shaft  in  the  direction  in  which  it  is  in 
the  enjrine. should  run,  until  the  valve  has  the  same  amoant 
lead  on  the  same  end.  To  determine  whether  the  lead  is 
t  he  same  at  both  ends,  a  small  piece  of  pine  wood  may  be  ta 
in  the  .sliape  of  a  wedge,  and  inserted  in  the  port ;  the  marks 
on  it  by  the  edge  of  the  port  and  the  lip  of  the  valve  will  si 
how  far  it  has  entered.  The  engine  should  then  be  turned  ontkl 
rther  centre  for  the  purpose  of  equalizing  the  lead;  the  crank 
hIiouM  al.so  }}fi  placed  at  half-stroke,  top  and  bottom,  for  the  pw 
po«e  of  determining  whether  the  port  opening  is  the  same  in  boA 
jKirfitions.  When  the  crank  is  at  half-stroke,  the  centre  of  the 
crank-pin  is  plumb  with  the  centre  of  the  crank-shaft. 

How  to  Repair  Steam-Engines. 

It  would  be  reasonable  to  suppose  that  any  machinist  woqM 
he  <}ij»jil)le  of  repairing  steam-engines;  and  yet,  on  an  examinatioi 
of  numerous  cases  where  ropiiirs  have  been  done  by  persons  calling 
themselves  mechanics,  it  api)cars  that  very  few  machinists  are  fil 
to  !)(•  trusted  to  do  so.  A  man  to  be  competent  to  do  repairs  masi 
first  und(;rstiuid  the  original  character  of  the  engine  or  machine 
/ind  //.s  r/f'ff'rts,  whether  i\r\ii\i\^  Worcv  ^^%\^w,YQfeT\Qt  material,  0' 
n'orkrnunship,  how  au  improvem^wX.  c^vi  \i^  rfta.^^S53L\\».>«^i«a> 
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well  as  what  would  be  actually  an  improvement,  before  pro- 
dding to  make  it. 

The  first  step  in  repairing  an  engine  is  to  take  off  the  connect- 
g-rod,  cross-head,  both  cylinder^heads,  and  remove  the  piston ; 
■m^  pass  a  line  exactly  through  the  centre  of  the  cylinder,  and 
%ch  it  to  some  fixed  object  at  the  back  end,  to  determine  if  the 
tntre.of  the  crank-pin  is  in  line  with  the  centre  of  the  cylinder. 
'  not,  one  of  them  must  be  moved,  and  whichever  it  is  will  de- 
tni  OIL  the  difficulty  to  be  encountered,  and  must  be  determined 
f  the  judgment  of  the  party  who  undertakes  the  repairs.  The 
■^linder  must  next  be  accurately  measured  at  both  ends  and  the 
istre,  for  the  purpose  of  determining  if  it  is  worn  larger  in  the 
atre  than  at  either  end,  or  worn  oval,  as  is  often  the  case. 

In  either  case  it  will  be  necessary  to  rebore  the  cylinder  and 
ake  it  uniform  all  through.  It  is  next  necessary  to  caliper  the 
vse-head^  wrist-  and  crank-pin,  to  see  if  they  are  worn  oval,  and 
so,  they  must  be  filed  round.  The  guides  should  then  be  tested 
ith  an  accurate  parallel  piece,  to  ascertain  if  they  are  straight 
1  through ;  if  they  are  hollow  in  the  middle  or  at  either  end, 
ley  must  be  taken  down  and  planed  straight.     If  the  piston-rod 

badly  fluted,  it  must  be  put  in  a  lathe,  returned,  and  filed ;  the 
Dgs  should  be  taken  off,  placed  in  a  lathe-chuck,  and  faced  up 
I  both  ends,  and  if  they  are  cut  they  should  be  turned  true  and 
3ooth.  The  crosa-head  should  then  be  measured  crosswise  to 
Jtermine  whether  the  guides  are  too  far  apart  or  not ;  and  if  so, 
e  holes  in  the  studs  which  tie  them  to  the  bed-plate  must  be 
ed  oval  to  bring  them  to  a  proper  position.  If  the  valve  and 
at  are  cut,  the  valve  must  be  taken  off  and  planed  in  the  oppo- 
e  direction  to  its  travel.  The  steam-chest  must  also  be  removed, 
d  the  valve-seat  straightened  by  filing  and  scraping,  after  which 
e  valve  may  be  carefully  fitted  to  it. 
The  flange  of  the  piston -head  and  follower-plate  should  be  faced 

in  a  lathe,  at  the  point  where  they  strike  the  rings,  and  the  l«Jti- 
•  should  be  careiuUy  ground  and  scraped  on  to  \\\eTt\.  TV^  ^\^\ft\x 
>uJd  next  be  Inserted  into  the  cylinder,  set  owt,  aiv^  \Jtkfe  ctQ»5ftc 
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head  slipped  on,  connected  with  it,  and  levelled,  so  that  it  may 
stand  parallel  with  the  centre  of  the  axis  of  the  cylinder  at  all 
points  of  the  stroke.  The  connecting-rod  boxes  should  be  ex- 
amined in  order  to  ascertain  if  they  are  "  brass  bound,"  and  if  »i 
they  should  be  filed  out.  The  main  pillow-block  bearing  shooU 
receive  attention,  in  order  to  determine  if  it  is  worn  oval  or  looa. 
In  fact,  every  part  should  receive  attention,  because  defects  tint 
have  not  been  thought  of  may  be  revealed  as  the  work  progreesei 
It  has  been  generally  heretofore  supposed  that  any  one  bearing 
the  name  of  a  machinist  is  competent  to  repair  a  steam-engine 
which,  of  course,  is  a  grave  error,  as  thousands  of  mechanics  fuilj 
competent  to  build  a  machine  are  totally  unfit  to  repair  it 

This  arises  from  the  fact,  that  the  repairing  of  steam-eDginei 
and  other  machinery  requires  a  different  class  of  talent  from  thit 
necessary  to  build  them:  A*  machinist  may  be  a  good  hand  ot 
either  a  vice,  lathe,  or  planer ;  he  may  be  a  thorough  fitter  and  i 
neat  finisher,  and  yet  he  may  lack  that  keen  observation,  that  coi, 
patient,  and  searching  perseverance  which .  are  so  essential  in  th 
party  that  will  become  an  adept  in  the  repairing  of  steam-enginei 
and  other  machinery.  It  not  unfrequently  happens,  that  wha 
everything  has  been  done  that  was  considered  absolutely  nee* 
sary,  an  engine  works  badly  when  started  up,  which  is  very  d* 
couraging.  to  any  one,  except  those  who  take  a  peculiar  interest  id 
ferreting  out  the  causes  of  minor  defects  which  have  been  ovff- 
looked  when  the  more  prominent  ones  were  remedied.  Almo* 
any  one  can  tell  if  an  engine  is  badly  out  of  line,  the  cylinckf 
fluted,  or  the  crank-pins  loose  or  worn  oval ;  but  it  requires  a  dit 
i'vrvnt  kind  of  talent  to  determine  the  different  causes  for  the 
<l<*t'(.*ctive  working  of  steam-engines,  and  prescribe  a  remedy  for 
them,  as  many  of  them  apparently  did  not  exist  at  the  commence 
nu'iit  of  the  work,  but  cropped  out  as  it  progressed.  One  of  the 
<^roatost  niistak(*s  in  the  repairs  of  steam-engines  and  other-mt-j 
chinery,  is  tiiat  those  who  have  them  in  charge  are  expected  tope^ 

/cfrm  the  work  in  too  Wmited  a  Vwwvi,    '^Vvva  V^vcv^  impossible,  the 

r?/y/j  ra-^oiirco  left  if?  la  sVigVit '\X« 
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How  to  Inerease  the  Power  of  the  Steam-Engine. 

It  frequently  happens  that  engines  which  ^ere  originaUy  of 
iifficieut  power  to  do  the  work  of  a  manufacturing  establishment, 
»ecome  unable  to  do  the  work,  owing  to  an  increase  in  the  busi- 
tess ;  and  while  the  cost  of  replacing  an  engine  with  one  of  suffi- 
ient  power  would  be  a  matter  of  nominal  consideration,  the  time 
xpended  in  removing  and  replacing  it  with  a  larger  one  might 
avolve  a  serious  loss  to  the  owner.  Under  such  circumstances,  the 
lost  practicable  ways  to  remedy  the  difficulty  for  the  time  being 
rould  he— first,  to  raise  the  pressure,  providing  the  boiler  is  con- 
idered  safe ;  second,  to  increase  the  speed  of  the  engine ;  third,  to 
eplace  the  old  cylinder  with  a  new  one  of  larger  diameter,  which 
rould,  of  course,  involve  the  necessity  of  a  new  piston,  steam-chest, 
nd  valve ;  fourth,  to  compound  the  engine  by  adding  a  low-press- 
ire  cylinder  with  suitable  changes  in  the  valve-gear;  fifth,  to  add 
.  condenser,  if  the  engine  originally  ran  non-condensing. 

For  a  moderate  increase  in  power,  the  last  plan  would  be  the 
lost  safe  and  practicable,  as  the  active  condition  of  steam-boilers 
i  not  always  understood,  and  without  a  thorough  knowledge  on 
he  subject  it  would  be  unwise  to  increase  the  pressure ;  nor  should 
ny  engine  be  run  at  a  higher  speed  than  it  is  capable  of  stand- 
ng  without  springing  orshaking  to  pieces.  The  increase  in  power 
hat  would  result  from  replacing  the  old  cylinder  with  a  new  one 
wo  inches  larger  in  diameter  may  be  illustrated  as  follows :  Take, 
or  instance,  a  10-inch  cylinder,  which  contains  78*54  square  inches 
n  area,  while  a  cylinder  12  inches  in  diameter  contains  113*09 
quare  inches,  which  makes  a  difference  of  34*55  square  inches  in 
he  piston.  Now,  if  the  engine  having  a  10-inch  'cylinder  was 
inable  to  do  the  work  with  60  lbs.  pressure  per  square  inch,  it 
vould  do  the  work  easily  with  the  12-inch  cylinder  at  the  same 
}re8sure,  as  the  new  cylinder  would  make  a  difference  of  from  5 
io  6  horse-power.  Measures  might  be  taken,  and  the  ue.^'  q,^V\xi- 
ler^  piston,  and  steam-chest  prepared  and  placed  m  ^o'^VOvv^w  -dX  v^ 
ren  time,  without  causing  any  interruptiou  to  tXie  ^mvcw^'S{S>. 
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Of  course  the  margin  for  iDcreasing  the  sisse  of  cylinder  for  aoj 
engine,  and  utiing  all  the  other  original  parts  of  the  engine,  is  lim- 
ited, ^nd  should  never  exceed  2  inches;  as,  to  exceed  that  limit, the 
other  parts  would  be  too  light,  and  become  liable  to  spring.  To 
increase  the  speed  of  an  engine,  it  would  be  necessary  to  have  i 
new  counter-pulley,  so  that,  while  the  piston  velocity  is  increased, 
the  speed  of  the  shafting  may  remain  the  same.  An  engine  will 
develop  more  power  by  increasing  its  speed,  but  will  use  mora 
steam,  and  as  a  consequence  more  fuel  will  be  consumed.  The 
overtaxing  of  steam-engines  and  boilers,  or  any  other  class  of; 
machines,  is  sure  to  induce  waste  either  in  fuel  or  wear  and  tear; 
but  there  are  circumstances  under  which  manu&cturers  and  steaa 
users  find  themselves  placed,  in  which  it  would  be  impossible  ti 
avoid  waste.  Steam-engines  or  boilers,  or  any  other  class  of 
machines  that  is  too  large  or  too  small  for  the  work  to  be  pe^ 
formed,  are  not  economical. 

The  Dead-Centre. 

All  reciprocating  steam-engines  have  one  dead-centre  in  eadi 
stroke  and  two  in  each  revolution,  and  that  point  is  the  point  fli 
which  the  steam  is  exhausted,  and  the  centre  of  the  crank-pin  is 
parallel  with  the  centre  of  the  axis  of  the  cylinder.  The  centre 
of  the  cross-head,  in  some  cases,  may  be  above  or  below  the  centre 
of  the  cylinder ;  but  by  placing  a  spirit-level  on  the  top  or  bottom 
of  the  stub-end  strap,  the  dead-centre  may  be  easily  found.  The 
experienced  engineer  or  machinist  can  generally  tell  by  the  eye 
when  the  crank  is  at  the  dead-centre;  but  to  insure  accuracy  it 
is  always  l)etter,  in  the  case  of  horizontal  engines,  to  try  it  withi 
level,  and  in  vertical  engines  with  a  plumb-bob  and  line.  The 
cranks  of  all  engines  have  to  be  placed  accurately  on  the  centre 
when  the  valves  are  set. 

A  single  reciprocating  engine  is  completely  helpless  when  the 

crunk  is  at  the  dead-centre,  awA  wowVd  ^ta^j  there  if  it  was  not  for 

tJia  rnonicntuin  of  the  ba\uiieii-NN\\ee\.    \>wsXAa  x^^xYtwaSoas^^ 


THE     engineer's     HANDY-BOOK.  487 

8,  such  as  locomQtwes  and  marine  engines,  which  have  their 
iks  set  at  right  angles,  require  no  balance-wheel,  as  they  pull 

I  other  off  the  dead-centre,  in  consequence  of  one  crank  being 
ts  full-power  point  while  the  other  is  at  the  weakest.  There 
some  engines,  such  as  the  rotary,  which  have  no  dead-centre 
leir  revolution. 

ttiiig  the  Cranks  of  Steam^Engines  to  their  Shafts. 

oring  the  hole  fbr  the  shaft  in  the  crank  is  not  so  easy  a  task 
le  average  engineer  would  suppose.  Theoretically,  when  the 
is  bored  in  the  crank,  if  the  boss  is  faced  true,  and  then  bolted 
true  face-plate  on  a  lathe,  it  must  be  true.  But  inaccuracy 
aently  arises  from  the  fact  that  there  are  few  face-plates  which 
;rue,  and  continue  to  remain  so  for  any  length  of  time.  And 
.  when  the  boring  is  as  well  done  as  can  be  expected  under 
circumstances,  the  crank  is  frequently  thrown  out  of  line  in 
ng  it  on  the  shaft.  For  this  reason,  no  crank  should  leave 
0vorks  where  it  was  made  without  being  tested  after  having 

keyed  on. 
(hen  the  orank  is  in  the  form  of  a  disc,  or  wheel,  the  best 

is  to  turn  it  true,  first  on  a  mandril,  and  then  so  fit  it  to  the 
t,  and  the  key  to  its  seat,  that  after  the  keying  it  will  run 
;  but  with  the  ordinary  crank,  this  cannot  be  so  easily  done, 

II  the  surface  available  for  testing  its  truth  is  near  the  centre ; 
ich  cases,  the  main  reliance  must  be  placed  in  fitting  the  key  as 
as  the  crank  itself  to  the  shaft.  The  key  should  never  be  finally 
en  till  it  has  first  been  frequently  partially  driven,  its  points 
mtact  filed  or  scraped,  and  it  fits  perfectly  its  whole  length. 
he  essential  conditions  necessary  for  the  production  of  a  well- 
]g  and  durable  crank-shaft  journal  are,  good  material,  a  stifle, 
Qg  lathe,  a  skilftil  machinist,  and  a  sharp,  well-tempered,  and 
ectly  set  tool.  The  finishing  cuts  should  be  light,  and,  if  it 
aot  be  made  sufliciently  smooth  with  the  tool,  it  must  not  \i<i 

I,  but  may  he  ground  and  polished  smooth  \iy  \Aoc^^  cA  v^q^^'^^ 
copper,  or  some  other  suitable  material  fttted  to  \)kv^  "^Qvvt^"^;^ 
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ill  such  a  manuer  that  the  imperfectioDs  left  by  the  turning-^ 
will  be  corrected  instead  of  aggravated  by  the  use  of  a  file  or 
of  a  stick,  as  is  commonly  the  case.     The  polishing  powder 
should  be  very  fine ;  emery  is  considered,  by  many,  objectionable: 
polishing  wearing  surfaces,  but  on  good  homogeneous  material,: 
from  flaws,  fine  emery  may  be  used  without  any  injurious  effectSbj 

Dnplicating  the  Parts  of  Steam-Engines. 

Duplicating  the  parts  of  any  class  of  machines  is  an  advantip^j 
as  it  insures  more  uniform  proportions  in  their  original  coi 
tion  than  could  otherwise  be  obtained,  as  the  term  dupli< 
of  parts  conveys  the  impression  that  they  are  made  to  8tan( 
gauges,  and  for  any  number  of  machines  must  retain  the  pro| 
tions  of  the  original.  While  duplication  of  parts  is  conv< 
and  sometimes  of  great  value  in  cases  of  emergency,  it  is 
so  in  case  of  repairs  ;  since,  as  soon  as  any  journal  or  bearing  il 
put  into  use,  its  dimensions  begin  to  change,  the  cylinder  oo»' 
mences  to  enlarge  and  the  piston  to  diminish.  This  change  ot 
shape  extends  to  the  piston-rod,  and  glands  of  the  stufling-boxes^ 
wrist-pins,  crank-pins,  rocker-shafts,  etc.  The  eccentric  wears 
on  two  sides,  in  consequence  of  the  thrust  at  these  points,  and  the 
straps  wear  flat,  owing  to  the  push  and  pull  at  two  points. 

Now  how  can  it  be  expected  that  a  new  eccentric  will  fit  the 
old  straps,  or  the  new  straps  conform  to  the  old  eccentric,  or  that 
the  new  piston  will  prove  a  good  fit  for  the  old  cylinder,  or  the 
new  piston-rod  for  the  worn-out  gland  ?  If  the  crank-shafl  be* 
comes  worn  oval,  it  will  not  adjust  itself  to  a  new  main-bearing 
made  from  tlie  original  standard  ;  or  if  the  crank-pin  becomes  won 
tapering,  owing  to  the  engine  being  out  of  line,  a  box  made  of  the 
original  proportions  \yill  not  drop  into  its  place  and  work  ha^ 
moniously ;  but,  as  before  stated,  in  case  of  emergency,  such  M 
break-downs,  or  where  interruption  to  business  would  entail  greil 
loss,  duplicate  parts  are  a  tolerably  good  make-shift,  and  that  is 
all  Unit  can  bo  said  in  their  £a\OY.  Yqt  \Jk«»  \<i»&Qw^the  duplica-  i 
iion  of  parts,  which  in  case  oi  bveaViv^^  ^w^^  Xi'^  \si^'^\^'^^nsi 
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cable  a  machine,  ought  to  be  encouraged,  especially  in  case  of 
ariue  engines,  locomotives  running  in  sections  of  the  country 
here  there  are  no  repair  shops,  and  stationary  engines  located 
isolated  places. 


QUESTIONS. 

VThat  constitutes  a  steam  engine  ?     What  is  the  simplest  form 
steam  engine  ? 

S'ame  and  describe  the  principal  parts.     What  is  the  Unction 
(^.ach  ? 

WTho  was  the  inventor  of  the  steam  engine  and  in  what  par- 
ilars  does  a  modern  engine  differ  from  the  first  forms? 
3ow  is  the  power  of  engines  expressed  ?     What  is  the  differ- 
!e  between  indicated  and  net  horse-power  ? 
iVhat  four  factors  determine  the  power  of  an  engine  ?    Explain 
rule  for  calculating  horse-power. 
iVhat  is  the  horse-power  of  the  following  engine  ? 

Cylinder,  18  X  20. 

Steam  pressure;  100  pounds. 

Cut-off,  }. 

Speed,  200  R.  P.  M. 
it  what  speed  would  the  above  engine  develop  300  horse-power  ? 
lequired  the  diameter  of  cylinder  of  an  engine  to  develop  300 
se-power  at  a  piston  speed  of  600  feet  per  minute  and  mean 
etive  pressure  of  55  pounds  per  square  inch  ? 
Vrite  out  a  formula  for  calculating  the  stroke  of  an  engine 
m  the  horse-power,  mean  effective  pressure,  piston  speed,  and 
meter  of  cylinder  are  given. 

V^rite  out  a  formula  for  mean  effective  pressure  in  terms  of 
neter  of  cylinder,  stroke,  speed,  and  horse-power, 
low  are  steam  engines  classified  ? 

Explain  what  would  he  meant  by  a  vert\ca\,  1t\\A^-^^^^^«vw^^ 
speed,  aiDgle-acting,  lion-condensing   automfiAAC  ewVo^,  ^^»'^- 
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tionary  engine.     Which  of  the  engines  described  in  Chapter  X 
would  answer  to  this  description  ? 

What  are  the  advantages  of  high  piston  speed  ?  What  U 
of  service  requires  high  rotative  speed  ? 

Explain,  briefly,  the  advantages  to  be  derived  by  properly  j 
portioning  the  reciprocating  parts  of  an  engine.  Illustrate  b 
diagram. 

Why  must  high-speed  engines  run  under  high  pressure? 

What  is  the  diflerence  between  condensing  and  non-condeni 
engines  ? 

If  the  vacuum  in  a  14  X  20  condensing  engine  running  at 
revolutions  per  minute  is  26  inches,  what  is  the  gain  in  power 
to  the  condenser? 

What  advantages  are  to  be  derived  from  compounding?  VI 
is  the  (liiTerence  between  a  tandem  and  a  crosB  compound  engi 

Kx plain  the  ditierence  between  throttling  and  automatic ' 
oil*  ouijinos.     Where  are  throttling  engines  used  ? 

In  what  ri\<[H>ot:>  do  stationary,  manne,  and  locomotive  eng 
dilloi? 

Mow  is  the  |Hnvor  of  locomotives  measured? 

What  aro  rv>iary  engines?  Why  are  they  not  used  more 
tonsivolv? 

What  ar\^  tho  principal  sources  of  loss  in  steam  engines? 

t'alculaio  wliai  [vrivntage  of  the  energy  contained  in  the! 
\»  utili^c^)  in  steam  plant  consisting  of  a  boiler  wbieh  evapon 
oi>;ht  )HUuids  of  water  |vt  ^x»und  of  fuel,  and  an  engine  wh 
tH»nsun»cs  iwc'/.ty-tivc  ivunds  of  $team  per  indicated  horse-pcH 
hour  it*  iltc  i\»al  \VMC:iins  l*X»»)  heat  units  per  pound. 

Whai  in  \\w  pvitici-jcii  s«  urvv  of  waste  in  the  engine  prop 

Which  IN  i'u*  »::vs'.  s\v:-o-.:-.ic:iI  type  of  engine  and  why? 
What  U  i!;o  uiitv'.  .I- ..  r  Ivvi  yUu^  and  housings?     Howabfli 

Mikk^  H  »kc(ch  <V  N\vc  '.\v:  'OL<u:a\  ^\^«C  steam  cylindW" 
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at  is  the  cause  of  cylinders  wearing  unevenly  ?  How  can  it 
)icled  ? 

¥  calculate  the  area  of  the  steam  passages  ? 
at  is  meant  by  clearance  ?    Why  is  it  a  necessity  and  how 
be  determined  in  a  given  engine  ? 
at  is  the  object  of  jacketing  steam  cylinders  ? 
)laiu  the  use  of  the  piston  and  the  usual  methods  of  con- 
on. 

:e  a  sketch  showing  piston,  connecting-rod,  and  crank  con- 
is. 

3  the  rule  for  finding  the  distance  the  piston  is  ahead  of  its 
I  position  when  the  crank  is  in  a  position  perpendicular  to 
itre  line  of  the  engine. 

%t  considerations  determine  the  length  of  connecting  rods  ? 
3ng  are  they  usually  made  ? 
it  is  the  function  of  the  cross-head  ? 
lain  the  difference  between  "  throwing  over  "  and  "  throw- 
der." 

:e  a  sketch  showing  a  connecting-rod  end  and  explain  how 
justraents  are  had. 

it  are  the  three  different  forms  of  cranks  ?  Where  would 
3  used? 

it  are  the  disadvantages  of  centre  cranks  ?     Of  what  mate- 
3  they  usually  constructed,  and  why? 
r  may  we  determine  whether  or  not  the  crank-pin   is   in 
th  the  centre  line  of  the  cylinder  ? 

it  is  an  eccentric  ?     In  what  respect  does  it  differ  frem  a 
'     When  is  it  used  in  preference  to  a  crank,  and  why  ? 
lain  what  is  meant  by  "  throw  "  of  an  eccentric, 
ulate  the  diameter  of  a  steel  shaft  which  will  safely  trans- 
[)  horse-power  at  100  revolutions  per  minute, 
it  is  the  function  of  the  fly-wheel  ?    Where  should  the  bulk 
veight  be  concentrated  ?     Make  a  sketch  showing  how  a 
»el  maj  be  constructed  when  the  rim,  \v\i\i,  «ai^  ^ctia^  ^^'^ 
^aratelj^. 


492 


THE     engineer's     HANDY-BOOK.. 


Does  it  make  any  difference  whether  a  fly-wheel  is  evenly  htj 
anced? 

Explain   the  terms:  "Valve  gear/' " releasing  valve  geir'l 
"automatic   cut-off,"   "positive   cut-off,"   "riding  cut-off,"  indp 
"  reversing  gear." 

What  are  "  relief  valves,"  "  balance  valves,"  "  rotary  val^*|- 
"  semi-rotary  valves,"  and  "  gridiron  valves  ?  " 

Explain  by  diagrams  the  action  of  the  plain  slide  valve. 

Define  the  terms:   "Admission,"  "exhaust,"  "cut^iff,"  "ex- 
pansion," "  compression,"''" angle  of  advance,"  "travel,"  "ove 
travel,"  "inside  lap,"  "outside  lap,"   "steam   lead,"  "exl 
lead,"  and  "negative  lead." 

Given  the  throw  of  the  eccentric,  angle  of  advance  and  insM 
and  outside  lap,  show  how  by  the  Zeuner  diagram  the  distribut 
of  steam  may  be  studied. 

Explain  how  to  set  the  valves  of  steam  engines. 

Explain  how  the  lap  and  lead  may  be  determined  withoatj 
opening  the  steam  chest. 

Why  are  plain  slide  valves  not  used  with  large  engines  and  I 
high  pressures? 

Describe  the  piston  valve  and  state  its  advantages  and  disad-j 
vantages  as  compared  to  a  plain  slide  valve. 

Make  a  sketch  of  valve  and  steam  chest  showing  how  the  pre*  I 
lire  against  the  valve  may  be  relieved. 

What  is  meant  by  a  poppet  valve?    How  is  the  lift  determined?! 

What  is  meant  by  a  variable  cut-off  gear? 

Exj)liiin  the  Stephenson  link  motion  and  illustrate  it  by  asketcb-j 

Explain  the  Meyer  valve  gear  and  make  a  sketch  showing  hot] 
it  might  be  used  as  an  automatic  cut-off  gear.     Why  "is  it  noC 
usod  more  extensively? 

What  is  the  function  of  the  governor?     Explain  the  action*' 
a  simpl(^  throttlimr  <r(>vernor. 

Wiiat  an*  the  principal  defects  of  throttling  governors? 

Why  /s  ^haft  regulation  wae^  ^o  ^-^X^iYksv?^-^  ^\1\\.  hi^h-8perf| 
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ain  the  action  of  a  simple  form  of  fly-wheel  governor. 
i  sketches  and  explain  the  action'of  the  following  forms 
mors :  Porter-Allen,  Ball,  Buckeye,  and  Ritos. 
t  is  the  effect  on  the  steam  distribution  if  the  cut-ofi^  is 
by  altering  the  angular  advance  only  or  the  eccentricity 

lat  form  of  valve  gear  is  it  not  necessary  to  vary  both  the 
advance  and  the  throw  of  the  eccentric  ? 
calculate  the  diameter  of  governor  pulleys  ? 
t  is  the'  maximum  variation  in  speed  which  a  good  shaft 
►r  should  allow  ? 

does  the  governor  act  in  the  Corliss  type  of  engines  ? 
ribe  the  Corliss  engine  and  state  why  its  economy  is  greater 
e  slide-valve  engine. 

ain  by  a  sketch  the  releasing  mechanism  employed  in  the 
Corliss  engine. 

t  is  the  function  of  the  dash  pot  ?    Why  is  it  better  than 
r  in  connection  with  Corliss  gears? 

lat  respect  does  the  improved  Greene  engine  difler  from 
lisstype? 

can  Corliss  engines  not  operate  at  high  rotative  speed  ? 
t   are   the   characteristics   of  high-speed   automatic   cut- 
;ines?      For  what   class   of  service   are   they  especially 
? 

•  • 

t  is  the  steam  consumption  per  horse-power  hour  in  this 
engines  ? 

ain  the  method  of  regulating  the  speed  in  the  Buckeye 
rter- Allen  engines.     Which  of  the  two  should,  other  things 
qual,  be  the  more  economical  in  the  use  of  steam? 
ain  the  use  of  pressure  plates  for  relieving  slide  valves  of 
ra  pressure  on  their  backs, 

t  advantage  is  derived  from  the  differential  valve  motion 
in  the  Porter-Allen  engine  ? 

hat  essential  respects  doe^  the  StraigY\t  lAu^  evi^vcv^  ^\^^x 
'  Buckeye  ? 
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I 

Explain  the  use  of  the  "  Pop  Piston  "  in  the  Straight  li 
engine. 

What  is  meant  by  direct  connection  of  engine  and  dynan 
How  is  it  accomplished  ?  What  are  the  advantages  and  d]« 
vantages  of  this  practice  ? 

Explain  what  is  meant  by  a  "  four-valve  "  engine  and  whyil 
more  economical  than  a  "  single-valve  "  engine. 

Make  a  sketch  showiug  how  the  steam  is  distributed  in  i 
Russell  four- valve  engine  and  also  how  the  speed  is  controlled. 

What  are  the  advantages  and  disadvantages  of  single-acti 
engines  ? 

To  what  features  in  the  design  of  the  Willans  engine  is  i 
increased  economy  in  the  use  of  steam  due  ? 

Explain  the  peculiarities  of  the  Westinghouse  engine. 

What  considerations  should  determine  the  location  of  engb 

What  materials  should  be  used  in*  the  construction  of  foan 
tions  ?^ 

Make  a  sketch  showing  how  foundation  bolts  and  anchor  plj 
should  be  made,  and  explain  how  they  are  held  in  position  wl 
building  the  foundation. 

Und^r  wliat  circumstances  should  piles  be  driven  beneath 
foundation  ?     How  should  tliey  be  spaced? 

How  should  horizontal  lines  of  steam  piping  be  installed? 

How  are  long  lines  of  pipe  run  in  order  to  allow  for  expantfi< 

Explain  how  to  set  up  an  engine  after  the  foundation  is  reac 

What  is  the  cause  of  engines  getting  out  of  alignment  ? 

Name  the  principal  pii)es  used  in  connection  with  mar 
engines. 

Exj)hiin  the  use  of  piston  and  valve-rod  packing.  What  mi 
rials  are  used  for  this  purpose? 

What  are  the  most  frequent  causes  of  knocking  in  sU 
engines  ?  How  may  knocks  be  located  ?  What  are  the  remec 
for  different  kinds  of  knocks? 

Explain  how  an  engine  \\\tVv  a.  ^^^^  ^^QfcwVt\Q.  may  be  rever» 
ow  nmy  the  power  of  a  gWen  Sj\:e'a.wi  ^\i^\Yv^\«k  \\^^x^aa5^\ 
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STBAM-ENCOME  APPLIANOEB. 


CHAPTER  XXII. 

mE  STBAU-BKaiNB  mDIOATOR. 

3  device,  Id  the  entire  range  of  mecbaDical  inventions, 


i-engine  indicator,  like  many  other  auctiBsunes  of  the 
:,  dittea  bac-li  to  tiic  ti/ue  i}{  Jaiin»  W  a.U,  a.\\2ftovi^  'C&e. 
used  at  the  present  time  has  undtrgitte  *«  w\«^\'^ 
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changes  in  construction  that  it  can  hardly  be  recogniied  a 
same  device.  Be  this  as  it  may,  Watt's  indicator  thougl 
perfect,  answered  for  engines  travelling  at  a  piston  speed  of  f 
150  feet  per  minute,  and  for  pressures  averaging  7  lbs.  t 
atmosphere,  which  he  thought  was  the  fastest  speed  and  the  hi 
pressure  that  would  ever  be  needed.  But  experience  soon  dc 
St  rated  that  the  highest  economy  was  attained  with  high  { 
speeds  and  correspondingly  high  pressures,  and,  as  a  r 
Watt's  indicator  proved  to  be  unsuitable  for  these  condi 
The  requirements  of  such  an  instrument  were  Inore  ftilly  a 
ciated  by  McNought,  of  Glasgow.  The  world  is  more  ind 
to  him* for  improvements  in  the  steam-engine  indicator  th 
any  one  previous  to  his  time. 

The  indicator  was  further  improved  by  Hopkinson,  Stil 
and  others ;  but  these  improvements  were  not  in  the  mechi 
design  or  arrangement  of  its  working  parts,  but  rather  i 
accuracy  and  refinement  of  the  workmanship  employed 
construction,  as  the  mechanical  principles  embodied  in  the 
indicator  were  continued  in  them  all.  They  consisted  of  i 
right  cylinder,  into  which  a  piston  was  accurately  fitted.  T 
piston-rod  a  spiral  spring  was  attached,  to  resist  the  steam  ai 
vacuum  when  acting  against  it.  The  pencil  was  also  attacl 
the  piston-rod  ;  the  result  of  which  was  that  the  piston,  pisto 
and  spring  had  the  same  movements  as  the  pencil.  Witl 
instruments  the  vibration  of  the  piston  was  so  great  as  to  i 
them  totally  unreliable  with  fast  running  engines,  or  when 
was  worked  expansively. 

Gooch  was  the  first  inventor  that  gave  the  pencil  a  g 
range  of  movement  than  the  piston.  In  his  instrument  th 
inder  was  i)laced  horizontally,  and  when  its  piston  was  sub 
to  pressure  it  compressed  two  elliptic  springs.  The  top  c 
piston-rod  was  connected  to  the  short  arm  of  a  lever,  to  the 
arm  of  which  the  pencil  was  attached,  thus  giving  conside 
mnf^  /notion  than  could  be  oV^Vamod  hy  any  former  instru: 
'  moved  in  the  ?itc  o^  a  qw\^  vwsx^^^  ^*i  ^^\\w^ 
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am  was  traced  on  a.  web  of  paper  while  it  was  unwounil 
Irum  and  wound  upou  another.  This  arrangement  ad- 
a  succession  of  diagrams  being  taken  without  any  in- 
'.  manipulation  of  the  inetniment.  The  communication 
he  indicator  and 
cylinderwas  closed 
valve  instead  of  a 
it  as  the  principle 
jg  steam  espan 
ame  almost  uni 
lustrument  more  I 
lian  any  of  these 
mentioned  be- 
necesBity  of  the 
1  such  was  found  | 
charda  Indicator 
istrument  the  fol 
latructioii  and  pro- 


red   to  from   the 

area  ot  the  piston 
aare  inch  the  di 
F  which  IS  very 
ot  an, inch  or 
tlv    79  inch     The 

the  long  arm  of 

to  which  the  rod 
ton  11  attached  is 
and  the  distancL 
pivot  of  the  le\or 
Dt  of  attachment  of  the  piston  is  |  of  an  inch,  thus  giv- 
ee  end  of  the  lever  and  with  it  the  pencil,  four  times 
ment  of  the  piatou  The  secondary  lever  is  equal  in 
the  first  and  the  link  winch  connects  tViaVwOiaviiVcAt^v 

pencil  at  Its  ceuti-c,  is  l'§  inches  long.    '^«6e  ^to^"*- 


Sectlon  of  the  Indicator. 
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Itffl 


tioris  give  a  practically  straight  pencil  movement  fi 

of  '2i  inches.  •! 

The  Indicator  waa  further  improved  by  Harris  Tabor 

of  whosi^  instrument  may  be  setn  on  pages  503  and  504 


CroBby'a  Improved  Indicator. 

r«s  the  Crosby  Indicator   is   an  improvement, 

'  devices  of   the   kind   in   use.      It  is   reliable 

^  wlielhcr  einploved  fov  taking  diagrams  fnw 

throttling,  wmp^.  wmy^waia^  twy,  < 
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ig  eng^es  and  it  is  free  from  some  objectiooable  -  features 

other  instnim^Dts, 
dch  render  the  dia- 
ima  taken  by  them 
roaeoua.  In  tiie  con- 
ption  of  thia  instrti- 
eut,  the  inventor  Beems 

have  predetermined 
Miy  of  the  circiim- 
BDceB,  emergencies, 
4  requirements  that 
^t  poeeibly  uise  in 
E  UK  of  the  indicator, 
d  provided  for  them. 
The  advantages  of 
I  Crosby  Indicator 
i,  that  the  parallel 
itjon  is  not  a  geomet- 
al  approximate  iini- 
ion  of,  but  a  true 
tion;  that  the  motiun 

the  pencil  is  a  uni- 
m  multiplication  of 
i  piston  of  the  indi- 
»r,  and  is  solely  con- 
)lled  by  the  motion 

the  piston-rod  ,  tliiit 
iK  are  no  guiding 
its,  either  straight  oi 
rved,  to  induce  iric 
n;  that  there  is  mi 
inlpensating  arm 
linted    to    any    fixed 


Section  of  Crosby's  Indicator. 


1  other  indicators;  that  the  pencil  is  \oGa\eA.  o^osa  v» 
?  oisKiB'Tod,  instead  of  jirojecfing  several  inyV^  U)  Q"Ra  ^^^i 
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as  in  -other  cases ;  that  an  air-chamber  or  jacket  snrroundi 
^eam-cylinder  instead  of  a  steam-jacket,  as  in  other  insta 
that  the  piston-rod  is  hollow  instead  of  solid,  and  that  it  is  9( 
united  to  the  piston,  thus  requiring  no  joints  below  the 
which  obviates  the  possibility  of  corrosion  by  the  action  c 
steam  or  moisture;  that  there  is  no  link  or  connecting-bt 
tween  the  head  of  the  piston-rod  and  lever  to  cause  fricti 
inaccuracy  of  motion;  that  the  cylinder,  piston,  and  pifit( 
are  automatically  oiled  by  a  self-lubricating  device,  thus  reir 
the  possibility  of  friction,  which  always  induces  error  in  t 
cordiugs  of  the  indicator,-  thus  rendering  the  diagram  dec 
even  to  experts  ;  that,  wherever  possible,  every  joint  is  mad< 
steel  pivots  instead  of  journals,  as  is  the  case  in  other  instrur 
that  the  mechanism  for  adjusting  each  instrument  is  so  arr 
that  it  may  be  used  either  left-  or  right-handed,  as  the  case  m 
in  order  that  diagrams  may  be  taken  from  either  end  of  tl 
inder  without  the  necessity  of  two  indicators;  that  meai 
provided  for  adjusting  the  distance  that  the  paper  shall 
towards  the  pencil,  so  that  a  hair-line  can  be  drawn  withou 
tion  ;  that  the  reduction  in  weight  in  the  piston  and  hollow  ] 
rod  and  the  refinement  of  workmanship  in  the  levers  and 
render  the  reciprocating  parts  so  extremely  light  that  mom< 
and  friction  are  reduced  to  a  minimum;  that  it  is  more  easi 
justed  and  ()})erated  than  in  any  other  instrument  of  the 
thus  dispensing  with  the  necessity  of  experts,  and  that  dia 
may  be  taken  from  each  end  of  a  steam-cylinder  withoi 
least  difficulty,  even  by  engineers  of  ordinary  intelligeuc 
limited  experience,  from  engines  running  at  the  highest  p; 
able  piston  speed. 

They  are  manufactured  by  the  Crosby  Steam  Gauge  and 
Co.,  Boston,  Mass. 

The  Thompson  Improved  Indicator. 

^ompson  Indicator,  ^eo  pvv^'^^^^^A^^'^Yf'^^^^  «^nd  pai 
Thompson,  of  Sa\cT\A,  O.,  \^  ^wqNX^^x  \w^\x\^w 
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high-speed  engines  with  aiicci 
I  on  Blow-  and  quick-runniog  cngi 
'  a  under  any  attainable  apecd  of  a 


a  ;  and  it  works  I 
es.  It  will  giv^l 
engine  or  loco^V 


l^on  of  high-piston  speed  of  etatiooary  and  locomotiraB 

iated  a  demand  for  an  indicator  that  will  take  cards! 

L[li  speed,  say  three  huudred  revolutions  piT  minut^  I 

^observed  that  Mr.  Thompson's  ioiprovemeut  mainljtfl 
tduciiig  the  weight  of  the  parallel  motion,  by  leeseni 
aer  of  vibrating  pieces,  thereby  decreasing  the  tendency! 
A  avy  lines  in  both  eteam  and  expansion.     By  thiis  arrang&J 
1  inatnimeDt  is  lighter  and  more  compact, — nuahties  whicb^ 
^  appreeietei!  by  all  intelligent  e 
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The  Thompson  Indicator  is  manu&ctured  by  tbe  Amerii 
Steam-Qauge  Company,  Boston,  Mass.,  who  have  been  emloa. 
successful  in  the  manufacturing  of  first-class  instruments  for  m 
years.  The  original  designs  of  Mr.  Thompson  have  been  so 
what  modified  and  improved  by  the  American  Bteam-6i 
Company,  as  will  be  observed  from  a  comparison  of  the  cat 
page  4d5  with  those  on  page  501,  the  former  representing 
indicator  as  originally  constructed  and  the  latter  the  "^  Thorn; 
Improved  Indicator"  as  it  is  called  by  the  American  St 
Grange  Co. 

The  important  improvements  consist  in  lightening  the  mo 
parts,  substituting  steel  screws  in  place  of  tap^r-piiis,  using  a 
light  steel  link  instead  of  a  large  brass  one,  reducing  the  w< 
of  the  pencil-lever,  also  weight  of  square  in  trunk  of  piston 
lock-nut  on  end  of  spindle,  and  increasing  the  bearing  on  coi 
tion  of  parallel  motion  Pv  shortening  thfe  length  and  redi 
the  actual  weight  of  the  paper  cylinder  just  one-half,  and  by  si 
cnlng  the  bearing  on  spindle  so  that  it  now  carries  the  drum-sp 
nearer  the  base,  they  have  reduced  the  momentum  of  the  p 
cylinder  to  a  very  small  amount.  All  of  these  improvements  I 
lessened  the  amount  of  friction,  which  was  heretofore  very  si 
but  is  now  reduced  to  a  minimum,  and  the  Thompson  Impr 
Indicator  as  it  is  now  made  is  a  very  excellent  instrument. 

Tabor's  Indicator. 

The  cuts  on  pages  503, 504,  represent  Tabor's  Steam-En 
Indicator.  — As  will  be  observed,  its  most  striking  features  ar 
parallel  motion  and  the  plainness  of  its  cylinder.  The  piston 
a  single  capillary  packing  groove,  and  its  whole  action  is  rem 
ably  nice.  The  springs,  both  as  to  range  and  general  struct 
are  similar  to  those  in  the  Richards  and  Thompson  Indicator. 
will  be  noticed  that  the  piston-rod,  which  is  jointed  to  the  pi 
and  the  pencil-lever,  is  slotted  ;  this  slot  is  curved,  and  w 
over  a  ^uide-roUer  set  in  the  e^^Auwi^x-^i^^^.    TWicear  end  of 


B  pivoted  to  the  radius  HdIc.  The  slot-curve  is  that 
e  which  would  be  described  by  the  guide-roller  as  s 
i  while  the  pencil  is  being  moved  in  a  true  line' 

fmed,  insures  u  correct  parallel  motion  tJ)  the  pencil. 

dler  IB  jourualled  in  a  free  eolkr  held  in  the  cyliiider- 

.  allows 
g  parts 
sely,  as 

nought 
I  the 
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.503 


of  the 
recoil- 
ed in  a 

irack^t, 

,k'  the 

hooked 

the' 


Tabor's  Indicator. 


atop- 

oup, engaging  with  a  lug  in  the  drum-base,  forms  the' 

recoil  motion.     If  the  spindle  be  slacked  somewhat, 

may  be  revolved  over  tJie  efop-block,  and  more  or 

iven  to  the  recoil -spring.    By  eimply  unscrewing  the 

the  whole  mntimi    work   may  he  removed  in 

!(iU-^Fei;piijtun-roJ,audiadius-iiat,uea^t:ii 


HANDY-HOOK. 


Section  of  Tabor's  Indicator. 


BpriDg  tempeoK 
email  uuiubei 
muv  lug  parts, 
tbeir  lightnea 
duce  thu  erfi 
momeutum  llii 
tsU  in  iDBtru 
of  heavier 
wljich  K  freqi 
a  sourve  of  i 
tniuty.  The 
iiistrtuaent  is 
light,  the  (l«eig 
|>Ie,  and  the 
nianghipneatli 
It  is  claimed  t! 
diagrams  pru 
are  very  good. 


Fuiirtions  of  the  Indicator. 

The  function  of  the  indicator  is  to  automatically  traee  i 

BjMper  a  diagram  that  will  g-.iiphically  represent  the  preffl 

T  tlie  Bteani  in  the  cylinder  of  the  engine  to  which  it  is  altachw 

^U  its  variations  during  both  fijrward  and  return  strokes 

iatoD.    It  enables  those  who  use  or  have  chai^  of  Bteani-et 

t  aacertein  the  condition  of  the  parts  of  th*  engine  sulig 

e  direct  action  of  the  steam,  and  to  what  advantage  tht 

i  applied;    whether  the  valves  are   properly  designed  an 

bntely  set,  and  if  the  steam -passages  or  ports  are  of  the  ( 

"  e  to  receive  and  discharge  the  steam  in  time  to  produce  lb 

tSect  \  what  pressure  of  steam  there  is  upon  the  pieitoD  at 

dlion  in  the  cylinder,  as  well  as  iU  average  during  tb««l 

'■  jjie  value  of  the  vaiivmm  acVrn^  wyi^  ^^^  piston  of  i 
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Richards'  Parallel  Motion  Indicator. 
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average;  whether  the  exhaust  passages  from  the  cylinder  are < 
sufficiently  large  to  give  free  exit  to  the  steam,  and,  if  not,  what! 
percentage  of  power  is  lost  in'  forcibly  exp^UlDg  it ;  the  actoil^ 
consumption  of  steam  in  giving  motion  to  the  engine,  and  alio< 
what  additional  steam  is  used  in  giving  motion  to  the  shafting^ 
and  millwark,  the  paddle-wheel  or  screw-propeller;  and  also  whtti 
power  is  required  to  move  the  machinery,  or  any  part  of  it 

In  manufacturing  establishments  where  power  is  let  to  tenanti^ 
it  will  show  how  much  is  consumed  by  each,  and  it  will  also  dem-^ 
onstrate  the  degree  of  economy  in  using  steam  at  different  pre»-l 
ures,  the  benefits  of  expansion,  and  the  relative  efficiency  of  < 
different  kinds  of  expansion-gear. 

Indicator  cards  are  of  great  value,  as  they  demonstrate  the^ 
initial,  mean  effective,  and  terminal  pressures,  the  back  pressun^' 
the  cushion,  whether  by  compression  or  lead ;  the  point  of  cut-oiC' 
and  the  relative  economy  of  different  engines,  aside  from  leakage' 
and  condensation.  It  may  be  applied  not  only  to  steam-engioes, 
but  to  those  driven  by  compressed  air,  or  any  vapor  or  fluid, 
well  as  to  the  cylinders  of  air-pumps,  air-compressors,  blast-engines, 
etc.  The  diagram  produced  is  the  joint  production  of  two  move-i 
nients,  viz.,  a  vertical  movement  of  the  marking  point  due  to  the 
pressure  of  the  steam  acting  on  the  piston  of  the  instrument,  io 
opposition  to  the  force  of  a  spring  of  known  strength,  and  a  ho^ 
izontal  movement  of  the  paper,  as  the  drum,  on  which  it  is  placed, 
makes  partial  rotations  to  and  fro  coincident  with  the  movement 
of  the  piston.  Hence,  when  the  pencil  is  held  in  contact  with  the 
paper  durin<(  one  revolution  of  the  engine,  both  will  arrive  at  the 
point  IVoin  which  they  started  at  the  same  moment,  and  a  cloeed 
figure  will  be  the  result,  except  when  a  great  change  in  the  load 
and  pr(f<>un;  occurs  during  the  stroke  in  which  the  diagram  wu 
taken. 

The   indicator  diagram  will   also  show- what  proportion  of 
the  boiler  pressure  is    contained,  in  the  cylinder;    how  early  in 
'e  the  highest  \>res>iure  \^  Y^^v\eWd\  \\ow  well  it  is  niain- 
;  what  point  luid  ivl  wWV  YTi^"ft'?\\xvi,  \>cvfe  ^\fc"5v.\£v*>&  <m\.^\ 
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ther  it  is  cut  off  sharply,  or  in  what  degree  it  is  wire-drawn ; 
hat  point,  and  at  what  pressure  it  is  released ;  whether  it  is 
Ij  discharged,  or  What  proportion  of  it  (in  excess  of  the  atmos- 
"e  or  the  vacuum  in  the  condenser,  according  as  the  engine  is 
lensing  or  non-condensing)  remains  to  exert  a  counter  or  back 
sure ;  whether,  before  the  commencement  of  the  stroke,  there 
ly  compression  of  the  vapor  remaining  in  the  cylinder,  and  if 
.t  what  point  in  the  stroke  it  commences,  and  to  how  high  a 
sure  it  rises.  The  foregoing  particulars  can  only  be  learned 
bservation,  though  a  scale,  corresponding  with  the  spring  used, 
leded  to  measure  the  pressures,  and  to  locate  the  exact  events 
le  stroke.  The  points  to  be  calculated  in  estimating  diagrams 
the  mean  or  average  pressure ;  the  total  mean,  or  the  mean 
tive  pressure ;  the  indicated  horse-power,  I.  H.  P.,  and  the 
retical  water  consumption.  The  indicator  shows  the  pressure 
ich  and  every  point  in  the  stroke ;  to  represent  this  faithfully 
s  sole  office.  The  causes  which  determine  the  form  of  the 
•e  must  be  determined  by  the  engineer. 

hnical  Terms  Used  in  Connection  with  the  Employ- 
ment of  the  Indicator. 

he  term  Adiabatio  literally  means  no  transmission.  As  applied 

Q  expansion  curve,  it  means  that  it  correctly  represents  at  all 

its  the  pressure  due  both  to  the  volume  and  the  temperature, 

as  if  no  transmission  of  heat  to  or  from  it  had  taken  place. 

dmission. — This  terra  is  applied  to  the  induction  of  Ihe  steam 
the  cylinder  when  the  valve  opens  at  the  commencement  of 
stroke. 

he  term  Asymptote  means  a  line  which  approaches  nearer  and 
rer  to  some  curve,  but  which,  though  infinitely  extended,  would 
2r  meet  it.    The  clearai^ice  and  vacuum  Vmea  oil  a  ^\8b^t^\£L  ^^^ 
nptotea  of  a  true  expansion  curve. 


\ 
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The  letter  B  at  the  end  of  a  diagram  means  that  that  end 
taken  from  the  bottom  end  of  the  cylinder. 

A.  B.  or  Aba.  is  understood  to  stand  for  above  atmosphere, 
B.  A,  or  Bla.  below  atmosphere. 

The  term  Compression  is  a  term  used  to  express  the  dist 
through  which  the  piston  moves  in  the  cylinder  aflter  the  exl 
has  closed.  Compression  takes  place  between  the  j)iston  an( 
cylinder-head  at  the  end  of  each  stroke;  and  the  distance  fron 
end  of  the  cylinder  at  which  it  takes  place  depends  on  the  aa 
of  lap  on  the  valve.  . 

The  term  Cushion  means  the  resistance  offered  on  the  op] 
side  of  the  piston  induced  by  the  steam  shut  up  in  the  cylini 

Cylinder  efficiency. — This  term  is  used  to  designate  the  an 
of  work  performed  in  the  cylinder  of  a  steam-engine  for  a  j 
pressure. 

The  term  Clearance  is  used  to  express  the  extent  of  the 
which  exists  between  the  piston,  the  cylinder-head,  and  the  v 
face  at  each  end  of  the  stroke.     See  page  363. 

Displacement.  —  This  term  is  applied  to  the  cubic  conten 
the  volume  of  water,  steam,  or  air  displaced  by  the  piston  d 
one  stroke.  It  may  be  found  by  multiplying  the  area  of  the  | 
ill  inches  by  its  stroke  in  inches.  ♦  The  product  will  be  its  disj 
ment  in  cubic  inches. 

Duty.  —  This  term  is  understood  by  engineers  to  mean  th 
cieiKjy  of  steani-ciijrinos,  or  the  number  of  pounds  that  an  e: 
is  capable  of  raising  one  foot  high  per  second  with  an  expent 
or  consumption  of  one  hundred  pounds  of  coal. 

The  term  Flexure  means  bonding  or  curving.     The  poii 

Moxuiv  in  a  diagram  \s  t\Ae  \^^V\ul  xvX,  \n\v\v\\  \k^  o-wt-off  closes 

cJw  cxjKins'um  curve  \)og\us, -as  ^\\o\nw  «u\.  C, '^^^^'wva.XKsri  ^n 
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)'.  1,  page  537.  The  point  of  contrary  flexure  is  the  point  at 
lich  the  line  changes  its  direction  by  curving  outwards  and 
«rwards  inwards,  as  shown  at  A,  on  diagram  on  page  537. 

H.  P.  cyl.  stands  for  high-pressure  cylinder. 

H.  P.  means  horse-power,  which,  when  applied  to  the  steam- 
^ine,  nieaus  33,000  lbs.  raised  one  foot  high  ;  or  150  lbs.  raised 
0  feet  high ;  or  550  lbs.  raised  one  foot  high  in  one  second. 

The  term  Hyperbola  means  a  plane  figure  which  is  formed  by 
tting  a  portion  from  a  cone  by  a  plane,  parallel  to  its  axis  or  to 
y  plane  within  the  cone,  which  passes  through  the  cone's  vertex, 
e  curve  of  the  hyperbola  is  such,  that  the  difference  between 
J  distances  of  anypoint  in  it  from  two  given  points  is  always 
lal  to  a  given  right  line. 

The  term  Isothermal  means  uniform  or  same  temperature.  As 
plied  to  au  expansion  curve,  it  means  that  such  a  curve  repre- 
its  correctly  the  expansion  or  compression  of  the  steam  when 
J  temperature  is  uniform. 

L.  P.  cyl.  means  low-pressure  cylinder. 

The  term  Ordinates  means  the  vertical  lines  drawn  across  dia- 
ims  to  facilitate  the  calculation  of  their  power.  See  diagram 
page  537. 

The  term  Parallelism  is  generally  employed,  where  two  or  more 
aight  lines  may  be  extended  indefinitely,  without  any  tendency 
approach  or  diverge  from  one  another.  See  atmospheric  and 
cuum  lines  on  indicator  diagrams. 

Release.  —  This  term  is  understood  to  mean  exhaust.     Redd- 
y  exhaust  is  that  which  follows  the  first  release  of  the  terminal 
ssure.     The  term  negative  exhaust  is  sometimes*  used,  though 
generally  understood  in  its  literal  sense,    ll  m^^w^  e,<iw\vc^^- 
'  or  cushion,  and  absolutely  amounts  to  the  ^am^  XVw^*^, ^^ "^^  "^^ 
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merely  an  early  product  of  the  exhaust,  for  the  purpose  of  refca 
iog  a  portion  of  steam  in  the  cylinder  as  the  crank  approic' 
the  centre  of  the  stroke.  ■ 

Rev.  or  Rev's  is  understood  to  mean  revolutions  per  min 

though  rspm  is  sometimes  used. 

I.  H.  P.  means  indicated  horse-power.  It  means  the  nun 
of  H.  P.  of  energy  shown  by  the  diagram  of  an  engine,  as  fo 
by  multiplying  together  the  area  of  the  piston  in  square  in( 
its  speed  in  feet  per  minute,  and  the  mean  effective  pressure  sb 
and  dividing  the  product  by  33,000. 

N.  H.  P.  means  net  horse-power,  which  is  the  I.  H.  P.  n 

the  friction  of  the  engine. 

The  term  Initial  pressure  is  generally  understood  to  mean 
pressure  represented  in  the  cylinder  between  the  opening  oi 
steam- valve  and  the  closing  of  the  cut-off.  More  properly  sp 
ing,  it  is  the  pressure  represented  in  the  cylinder  at  the  comm( 
ment  of  the  stroke,  as  the  pressure  frequently  falls  consider 
before  the  closing  of  the  cut-off. 

M.  E.  P.  means  mean  effective  pressure.    It  is  simply 
amount  by  which  the  average  impelling  pressure  exceeds 
average  resisting  or  counter-pressure.     The  M.  E.  P.  on  the  pi 
of  a  steam-engine  is  the  measure  or  exponent  of  the  work 
formed. 

The  term  Terminal  pressure  means  the  pressure  at  which 
steam  is  exhausted  from  the  cylinder,  and  may  be  said  to  be 
exponent  of  the  consumption  of  water  by  the  engine. 

The  term  Pipe  diagram  is  applied  to  diagrams  taken  from 
steam-pipe  for  the  purpose  of  determining  how  much  of  the  pi 
ure  of  the  steam  in  the  pipe  \4  \oat  m  if^a&lii^  through  the  ste 
'^^^rts  to  the  cylindtjr. 
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Th6  term  Scale  means  the  number  of  pounds  of  steam  per 
iquare  inch  (acting  on  the  piston  of  an  engine)  represented  by 
3ach  inch  of  vertical  height  on  the  diagram.  Thus  a  40  lb.  scale 
means  that  each  inch  on  the  diagram  represents  40  lbs.  of  steam 
m  square  inch,  and  so  on. 

The  term  Spring  means  the  spring  which  is  employed  on  the 
HSton  of  the  instrument,  in  order  to  resist  the  pressure  of  the 
team  and  the  vacuum.  The  following  table  will  give  the  limit 
f  pressure  in  the  cylinder  to  which  each  spring  may  be  subjected. 
\e  length  of  each  spring  given  in  the  third  column  is  such  that 
ficli  of  them  would  be  extended  (when  subjected  to  a  perfect 
acuum)  to  a  length  of  2^^  inches,  which  is  the  approximate 
jDgth  which  would  carry  the  pencil  to  the  lower  limit  of  the 
ange  of  movement  above  given. 


Scale  of 
Spring. 


15  lbs.  per  in. 
20  "        " 
30  " 


40 
60 
80 


«        it 

tt  u 


Limit  op 
Cylinder- 
Pressure 
ABOVE  At- 
mosphere. 


25  lbs. 
38   " 
64 


It 


90  " 
143  " 
195  '* 


Length  op  Spring. 


2192  ins. 

2-255 

2-315 


(( 


(( 


?-345 
2-376 
2-391 


(( 


it 


(t 


:  nearly  2^ 

=  a  little  above  2i 

=      "  "     2^ 

or  nearer 
=  nearly 

:^=  a  little  over    2| 
=  a  little  above  2f 


ins. 


9  "7 


(( 


ti 


a 


it 


tt 


tt 


To  And  the  corresponding  limit  for  grades  not  given,  multiply 
ke  total  range  of  movement,  2*625  inches,  by  the  scale  of  the 
pring,  and  deduct  the  pressure  of  the  atmosphere. 

Example. —  Suppose  it  is  desired  to  find  the  limit  of  pressure  for 
50  lb.  spring :  60 X 2-625  — 147  =  116*55. 

The  terni  Stri/igf,  as  used  in  these  pages,  mean?)  \Xv^  ^^'gt^^\ft 
i£^th  of  the  ordjmtes  of  an  in-dieator  diagrauv. 
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The  letter  T  on  a  diagram  denotes  that  that  end  was  taken  froa 
the  top  end  of  a  cylinder. 

The  term  Undulating  means  rising  and  falling,  wavy.  Sm 
dotted  line  on  diagram  No.  16,  page  549. 

Wire-drawing. —  This  term  is  applied  to  the  common  method 
of  regulating  the  flow  of  steam  from  the  boiler  to  the  cylindeil 
by  throttling  or  forcing  the  steam  to  ooze  through  some  small  oi 
intricate  device,  such  as  the  governor- valve,  thus  tending  to  destroj 
its  elastic  force.  i 

The  term  Zero,  when  applied  to  indicator  diagrams,  meau^ 
vacuum.  , 

How  to  Attach  the  Indicator.  ^ 

Since  it  is  of  the  first  importance  that  the  diagram  should  u 
correct,  both  as  to  its  vertical  and  horizontal  measurements,  toi 
much  care  cannot  be  taken  in  making  the  attachments.     The  berij 
method  of  attaching  the  indicator  to  the  engine  is  to  drill 
tap  into  the  cylinder  directly  opposite  the  ports.     When  p 
cable,  the  holes  should  be  located  exactly  at  the  centre  of 
clearance,  or  the  space  between  the  piston  and  the  cylinder,  w 
tlie  crank  is  at  the  dead-centre;  since,  if  the  holes  are  bored i 
any  part  of  the  cylinder  which  is  travelled  over  by  the  pistOD, 
communication  with  the  indicator* will  be  closed  at  that  point i 
each  stroke.     Care  must  also  be  taken  that  they  are  not  toocli 
to  the  cylinder-heads,  as  the  projecting  parts  of  the  latter  nuj 
interfere  with  the  free  flow  of  the  steam  between  the  cylinder  anl 
the  indicator.     But  if  such  a  difficulty  should  arise,  recesses  must 
be  cut  in  the  cylinder-heads,  in  order  to  establish  the  coraraUDh 
cation.    If  the  heads  can  be  removed  for  the  purpose  of  locating tW 
holes,  it  is  always  best  to  do  so,  as  their  exact  location  can  bede 
termincd  with  perfect  accuracy. 

/f  circumstances  will  not  admit  of  the  holes  being  drilled  vi» 

m 

the  cloarauce,  they  uuiy  be  \>v\v  V\i  t\\^\v^aw^\  ^\A^'^  \\.\&\«!i^*. 
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d  to  place  the  instrument  in  connection  with  both  ends  of 
^linder  at  the  same  time,  this  location  is  preferable.  It  is 
ed  by  many  engineers  that  reliable  diagrams  cannot  be  ob- 
1,  when  the  pressure  has  to  be  transmitted  through  a  long 
as  is  the  case  when  the  instrument  is  connected  to  both  ends 
8  cylinder.  But  it  has  been  shown  by  experiment,  that  if 
ylinder  is  tapped  instead  of  the  heads,  thereby  using  the 
3st  pipe,  and  the  stop-cocks  are  placed  as  near  as  possible  to 
Dstrument,  the  difference  between  diagrams  so  taken,  and 

taken  from  a  direct  attachment,  is  not  always  noticeable, 
itead  of  two  stop-cocks,  one  on  each  side  of  the  instrument,  a 
way  cock  be  placed  under  it,  which  will  allow  steam  to  be 
tted  from  either  end  through  the  same  plug,  the  difference 
ardly  be  detected.     If  no  such  cock  can  be  had,  straight  way- 

of  ample  aperture,  placed  as  close  to  the  2y  or  T,  to  which 
Qstrument  is  attached,  as  possible,  will  give  sufficiently  satis- 
fy results  for  all  ordinary  purposes.  When,  however,  it  is 
ed  to  take  the  diagrams  separately,  two  cocks  become  neces- 
and  the  card  must  also  have  two  loops  or  hooks,  as  far  apart 
3  two  positions  which  the  instrument  is  to  occupy.  Then  it 
be  quickly  shifted  from  end  to  end  as  desired.  If  two  in- 
tents are  attached  to  an  engine,  diagrams  may  be  taken 
taueously  from  both  ends ;  but,  while  such  an  arrangement 
tes  the  difficulty  of  equalizing  the  events  of  the  two  ends 
>ne  instrument,  it  is  open  to  the  objection  that,  if  there  is  any 
ence  in  the  action  of  the  two  instruments,  or  in  the  strength 
eir  springs,  this  circumstance  will  interfere  with  the  com- 
)n. 

Motion  of  the  Paper  Drum. 

f\ng  to  the  almost  endless  variety  of  engines,  their  peculi- 

8  of  design,  etc.,  it  is  impossible  to  give  very  definite  iustruc- 

which  will  be  applicable  to  all  cases.     But  it  must  be  borne 

nd,  that  the  motion  of  the  paper  drum  m\ial  Xie^  ecyv\icv^^\!s\» 

that  of  the  piston  in  respect  to  its  tinier  oi  e\ja^^\xi^  ^sA 
S3 
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starting,  and  be  a  miniature  reproduction  of  it  in  all  odm 
spects ;  or,  in  other  words,  equal  piston  movemeots  muflt  be 
resented  by  equal  movements  of  the  paper  throughout  the  i 
stroke.  To  whatever  the  cord  may  be  attached,  whether  to  a 
porary  wooden  pendulum  fastened  by  a  screw  to  a  post,  or  in 
beam  of  a  beam-engine,  it  (the  cord)  must  be  at  right  angles 
line  between  its  point  of  attachment  and  the  pivot  of  the  bei 
pendulum  to  which.it  is  attached,  when  the  piston  is  in  them 
of  its  stroke.  For  instance,  suppose  the  engine  to  be  horm 
and  that  a  wooden  pendulum  is  attached  to  a  light  post  set  i 
or  on  the  engine,  or  some  other  convenient  object,  or  is  suspc 
from  a  joist,  the  lower  end  being  connected  to  the  cross-head 
that  the  point  on  the  pendulum  where  the  motion  is  suffiei 
reduced  for  the  paper  drum  is  higher  than  the  instrument,  8( 
the  cord  must  incline  downward.  In  such  a  case,  unless  a  ( 
ing  pulley  is  used  to  deflect  it  to  a  horizontal  direction,  or  i 
the  point  of  attachment  for  the  cord  is  moved  as  many  (1( 
from  the  centre  line  of  the  pendulum  as  the  cord  inclines  ( 
wards,  the  movement  of  the  pendulum  will  be  too  fast  at  on 
of  its  travel,  and  too  slow  at  the  other,  and  the  diagram  w 
distorted.  The  effects  of  such  distortion  will  be  to  cause  tht 
to  appear  unequal  when  they  are  not  so,  or  else  to  conceal  < 
aggerate  inequalities  where  they  really  exist. 

The  length  of  the  pendulum  may  be  from  one  and  a  half 
to  twice  the  length  of  the  stroke  or  more.  If  too  short,  the 
of  the  diagram  will  be  distorted,  unless  the  connection  betw 
and  the  cross-head  is  sufficiently  long.  The  pendulum  lu; 
attached  to  some  object  at  the  side  of  the  engine,  so  that  it 
vibrate  in  a  horizontal  plane. 

A  good  substitute  for  a  pendulum  consists  of  a  drum  abo 
inches  in  diameter,  more  or  less,  on  the  axis  of  which  is  ar 
drum,  the  diameter  of  which  requires  to  be  as  much  less  tha 
other  as  the  movenient  of  the  paper  is  less  than  the  travel  ( 
piston.  If  the  drum  is  mouuled  *\\\  ^  Q,c>\ivewveut  position, ; 
^  the  large  part  is  altao^ife^  Vq>  \J^^  Qx«i's&-V^aA,^\A^ 
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e  small  part  to  the  indicator,  a  spring  in  the  large  drum 
bs  cord  taut,  just  as  the  spring  in  the  drum  of  the  in- 
keeps  its  cord  taut. 

1  two  instruments  (right  and  lefb),  are  used,  it  is  best  to 
iding-bar  alongside  of  them  having  the  proper  motion, 
r  pins  to  which  the  cords  are  attached,  these  pins  being 
)etween  the  two  instruments  so  that  the  cord  of  each  may 
wards  the  other,  and  the  movement  of  the  piston  from 
nd  of  the  cylinder  may  pull  the  cord  of  the  instrument 
1  to  that  end,  in  which  case  the  upper  line  of  each  dia< 
ill  be  drawn  while  the  cord  is  being  pulled.     But  no  per-  • 

advantage  in  the  way  of  accuracy  need  be  expected  from 
Etngement,  though  it  is  a  very  convenient  one  ^ere  a  large 

of  diagrams  are  to  be  taken. 

Analysis  of  Diagrams. 

defects  in  engines  as  revealed  by  the  indicator  diagram 
;t  clearly  understood  by  comparing  the  diagram  of  the 
in  question  with  a  theoretically  perfect  diagram — that  is, 
eh  would  be  obtained  from  an  engine  in  which  both  the 
md  the  adjustments  were  perfect  in  every  way.  Ijct  us, 
e,  begin  the  consideration  of  the  indicator  card  and  its 
th  the  analysis  of  such  an  ideal  diagram. 
igram  No.  1,  A  A  shows  the  atmospheric  line  which  is 
•  hen  both  sides  of  the  piston  of  the  indicator  are  exposed 
iraosphere.  When  tracing  such  a  diagram  it  is  preferable 
he  cord  by  hand,  in  order  to  make  the  atmospheric  line 
^han  the  diagram ;  B  C  \&  called  the  steam  line.  It  is 
while  steam  is  entering  the  cylinder.     C  is  the  point  of 

It  cannot  always  be  located  exactly  by  inspection,  as  the 
3f  the  part  is  generally  suflSciently  gradual  to  cause  con- 
e  fall  of  pressure  before  the  port  is  entirely  closed.     In 

it  may  he  located  at  the  point  where  l\\e  o>\\X\\i^  Q>i  N^cv^ 
ases  to  be  convex  and  commences  to  be  con^aN^.     Ci  I> 
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is  the  expaDsioD  line  or  curve.  D  is  the  point  of  exhanst,  ilu 
like  that  of  the  cut-off,  may  be  located  at  the  point  oj  eonii 
flexure,  or  that  point  where  the  expansion  line  b^ins  to  chi 
the  direction  of  its  curvature.  D  E\s  the  exhaust  line.  It  c 
mences  at  the  point  of  exhaust,  and  may  be  considered  as 
minatiug  at  the  end  of  the  stroke,  (though,  strictly  speakiD 
-does  not  terminate  till  the  exhaust  port  closes  at  JP.)  E 
termed  the  counter-  or  back-pressure  line,  and  by  some  the 
uum  or  exhaust  line ;  but  the  former  terms  are  more  appr 
ate,  as  they  are  applicable  to  all  diagrams,  whether  from  com 
ing  or  non-condensing  engines.  In  the  diagrams  of  non 
densing  engines  it  is  above  the  atmospheric  line,  A  A\  y 
in  condensing  engines  it  is  below;  but  in  both  cases  it 
resents  some  counter-pressure,  since  a  perfect  vacuum  is  i 
tain  able,  i^  is  the  point  of  exhaust-closure.  Its  exact 
tion  cannot  be  so  readily  determined  as  the  points  C  an 
as,  although  like  the  former,  it  is  anticipated  somewhat 
change  of  pressure,  it  is  not  marked  by  any  change  in  the  ( 
tion  of  the  curvature  of  the  line.  In  perfectly  working  en 
it  may  be  located  geometrically,  but  it  is  seldom  necessary 
so,  since  for  all  practical  purposes  it  is  sufficient  to  know  \ 
the  change  of  pressure  due  to  the  closing  of  the  exhaust  l> 
and  its  final  result.  F  G  is  the  compression  curve,  and  6 
the  admission  line.  These  constitute  all  the  lines  which  b 
to  the  diagram  proper,  and  all  that  are  produced  by  the  ii 
ment.  • 

Fop  certain  purposes  the  vacuum  line  V  V,  and  the  clea 
Vine  H  H,  diagram  No.  1,  are  d raw n^  the  former  parallel  t 
atmospheric  line,  and  at  such  a  distance  below  it  as  will  : 
sent,  according  to  the  scale  used,  the  pressure  of  the  atmos 
as  it  was,  or  was  supposed  to  be,  at  the  time  and  place  at  ^ 
the  diagram  was  taken.  ,  For  this  purpose  it  is  usual,  when 
accuracy  is  desired,  to  consult  a  barometer  at  the  time 
record  its  reading  on  the  caxd*,  \iwV,m  \}si^  ^^sfewcft  of  a  h 
Lial  to  assume  t\\e  pre^s^utei  ^\.  \^^1  \«a..  ^-t 


THE    ENGINEER'S    HANDY-BOOK.  517 

which  is  the  average  at  sea  level ;  but,  since  the  pressure 
lishes  at  the  rate  of  -^  lb.  for  each  189  feet  of  elevation, 
ance  should  be  made  foi^  the  known  or  estimated  eleva- 
of  the  locality.  It  should  also  be  remembered  that  the 
are  will  vary  nearly  ^  lb.,  and  sometimes  more,  from  changes 
3  weather. 

16  clearance  line  HH,  diagram  No.  i,  is  drawn  perpendicular 
3  atmospheric  and  vacuum  lines,  and  at  such  a  distance  from 
nduction  end  of  the  diagram,  that  the  space  between  them 
bear  the  same  proportion  to  the  whole  length  of  the  latter 
e  whole  volume  of  clearance  bears  to  the  piston  displace- 
When  the  amount  of  clearance  is  unknown,  and  it  is  not 
icable  either  to  calculate  it  or  measure  it  by  filling  the  space 
water,  it  must  be  approximated  as  near  as  possible  from  the 
^n  clearance  of  engines  of  similar  construction.  The  largest 
ance  will  be  generally  found  in  the  smaller  sized  engines  of 
rdinary  single  slide-valve  type.  Five  such  engines  tested  at 
yHucinnati  Industrial  Exposition  of  1875,  had  the  following 
ints  9,  9^,  10,  11|^,  and  12  per  cent,  of  the  cubic  contents  of 
ylinder.     Next  to  these  will  be  the  larger  sizes  of  the  same 

in  which  the  clearance  will  range  from  6  to  10  per  cent. 
!U  two  slide-valves  are  used  with  short,  direct  ports,  but  ex- 
ting  under  the  valves,  the  clearance  will  average  from  3  to  6 
jent.,  according  to  the  proportionate  length  of  the  stroke,  the 
est  strokes  having  the  smallest  per  cent.  Corliss  engines,  in 
h  the  stroke  is  about  three  times  the  bore,  have  about  3  per 
The  least  amount  of  clearance  is  obtained  from  valves  de- 
id  to  exhaust  at  both  ends  of  the  cylinder,  instead  of  in  the 
re,  as  in  the  case  of  the  ordinary  single  slide-valve.  By  such 
rrangement  of  the  steam-  and  exhaust-valves,  the  clearance 
in  many  instances  been  reduced  to  1 J  per  cent.  The  clearance 
yppei'Valve  engines  is  more  difficult  to  calculate  than  in  slide- 
e  engines;  but,  as  a  general  thing,  it  does  not  exceed  5  per  cent, 
lould  be  measured  with  water,  when  it  is  dea\Ta)a\fc\o  ^^^^^tVsilv^ 
rately  the  cubic  contents  of  the  clearance.     lu  •pop'peV'viQX'Vie. 
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enginea  the'  cut-off  and  other  events  are  independent  and  adjoi^  ^ 
able ;  consequently,  diagrams  taken  from  this  class  of  engines 
free  from  the  limitations  attending  those  taken  from  slide-val' 
because  advantage  is  frequently  taken  of  theit  freedom  of  adj 
ment  to  give  an  earlier  cut-off,  or  a  later  depression  than  is  uso 
adopted  with  slide-valve  engines.     In  all  such  cases  the  di 
will  faithfully  state  the  fact. 

Diagrams  taken  from  Throttling  Engines. 

The  conditions  which  are  mainly  instrumental  in  determini 
the  conformation  of  the  diagram  are  the  valves  and  valv 
the  length  and  capacity  of  the  steam-  and  exhaust-pipes 
ports,  the  design   of  the  governor-valve,  the  condition  of 
valves  and  piston  as  to  leakage,  the  amount  of  clearance, 
speed  of  the  piston,  etc.     The  engineer  may  b^  called  upon 
analyze  a  diagram  with  reference  to  all  "the  above  conditions, 
only  to  accidental  derangements.     In  the  first  place,  he  must  coi 
pare  the  diagram  with  one  of  the  best  form  which  can  be  pw*j 
duced  in  practice  from  the  class  of  engines  to  which  the  one  i 
question  belongs ;  in  the  second  case,  he  must  discriminate  betwi 
such  defects  as  are  due  to  accidental  derangements  and  those 
are  due  to  design    and  construction,  which  cannot  be  remedU 
without  the  substitution  of  new  parte.    Suppose  the  engine  to 
of  the  throttling  kind,  of  the  best  attainable  construction 
adjustment,   its  diagram   should   possess   the   following  geneiil 
features : 

1.  The  initial  pressure  at  Bj  diagram  No.  1,  should  be  ashigk 
at  least  as  any  subsequent  pressure ;  and  if  the  engine  is  Doi 
driving  its  maximum  load,  and  the  steam  is  in  consequence  moit 
or  less  throttled,  the  pressure  should  begin  to  fall  at  B,  and  coi' 
tinue  to  do  so  at  a  tolerably  uniform  rate,  until  the  point  of  cttt- 
off,  Cf  is  reached. 
2.  The  cut-off,  when  obtam^d  \i^  T£v^"ai.\i^  of  lap  in  the  slid** 
'  '^,  cannot,  as  a  general  xuVe,  laV^  ^\^e^  ^x'Osi  ^^^i^\iXas^v9^^ 
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le  stroke  than  about  f,  as  the  angular  advance  necessary  to 
any  earlier  cut-off  would  involve  a  too  early  exhaust  and  com- 
ion. 

From  the  cut-off,  C,  to  the  release,  D,  is  the  expansion 
}.  Assuming  the  applicability  of  the  Mariotte  law  to  expand- 
team,  the  shape  of  the  expansion  curve,  C  E^  should  be  such 
if  the  distance  from  any  point  in  it  to  the  clearance  line,  H 
ken  on  a  line  parallel  with  the  atmospheric  line,  be  multiplied 
le  distance  from  the  same  point  to  the  vacuum  line  measured 
3ally,  the  product  will  be  the  same  for  all  points  iii  the  curve. 
;e,  if  at-  the  commencement  of  the  curve,  the  two  measure- 
3  are  multiplied  together,  and  the  product  divided  by  the 
ice  from  the  clearance  line  to  any  other  point,  the  quotient 
be  the  distance  of  that  point  from  the  vacuum  line,  or  the 
ure  at  that  point,  if  the  pressure  scale  is  used  for  the  measure- 

3. 

The  release  at  D  will  take  place  earlier  or  later,  according  to 
imount  of  lap,  both  steam  and  exhaust,  that  is  introduced, 
jteam-lap  affects  it  indirectly,  as,  the  greater  it  is,  the  greater 
ngular  advance  necessary  to  maintain  the  proper  lead.  Lap 
e  exhaust  side  affects  it  directly  without  change  in  the  angu- 
ivance,  by  opening  the  port  so  much  later,  and  consequently 
ig  it  so  much  earlier.  The  requirements  of  perfect  working 
hat  it  shall  be  early  enough  to  release  the  piston  of  all  undue 

pressure  before  much  of  the  return  stroke  is  made,  and  late 
yh  not  to  materially  diminish  the  power  of  the  engine.  The 
rraation  of  diagram  No.  1,  page  537,  shows  about  as  early 
diaust  as  is  admissible,  because  little  or  nothing  would  be 
jd  by  a  later  one,  as  the  steam  is  not  thoroughly  exhausted 

the  piston  has  moved  a  short  distance  on  its  return  stroke; 
while  a  later  release  would  add  a  little  to  the  average  forward 
ure,  it  would  also  increase  the  back  pressure.  Besides,  a  later 
se  would  involve  either  a  later  cut-off  or  an  earlier  compres- 

and,  although  the  general  practice  is  to  pXac^  a\V\\\^^  eN^\\\& 
than  IS  shown  on  the  diagram,  such  practice  \a  \iO\.  c^c\3Xa.\fc^ 
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to  r.'ulize  the  best  possible  steam  economy  with  that  dasB 
gines. 

5.  The  back-pressure  h'ne,  EF^  should  coincide  with  the 
phere,  or  nearly  so,  in  non-condensing  engines  and  wi 
pressure  shown  by  the  vacuum-gauge  in  condensing  c 
When  it  is  in  excess  in  either  case,  it  indicates  insufficient 
ity  in  the  exhaust-ports  or  pipes,  or  both. 

6.  The  compression  curve,  F  O,  owes  its  form  to  the  sai 
.  that  govern  the  expansion  curve,  and  its  degree  of  confer 

theory  may  be  tested  by  the  same  methods.  The  only  difi 
between  the  two  are  in  the  quantities  of  steam  evolved 
production,  and  the  order  of  their  formation ;  the  ending 
corresponding  to  the  beginning  of  the  other.  As  to  the 
required  to  satisfy  the  best  conditions,  some  difference  of 
exists.  It  is  ascertained  that  a  certain  amount  is  advani 
as  a  means  of  arresting  the  momentum  of  the  reciprocatin 
while  changing  the  direction  of  the  force  on  the  crank-] 
more  gentle  and  quiet  manner,  than  would  be  done  by  the 
siou  of  steam  as  an  opposing  force.  If  the  compression,  c 
properly  speaking,  the  cushion  has  fulfilled  its  functions 
ductiou  will  find  the  parts  already  prepared  for  the  sho 
prevent  a  jar  or  thump.  The  maximum  pressure  reachet 
cushion  should  never  be  greater  than  the  average  initial  p 
but  within  this  limit  considerable  latitude  exists,  as,  while  i 
islies  the  power  of  the  engine,  it  lessens  the  consumption  o 
The  less  the  exhaust-lap,  the  earlier  tha  exhaust  will  tak 
and  the  later  the  compression,  and  vice  verad. 

7.  The  lead  line,  G  JB,  need  not  conform  to  any  ai 
standard.  It  satisfies  the  eye  of  the  engineer  best  when  i 
tical,  or  nearly  so ;  but  it  may  lean  slightly  inwards,  in( 
deficiency  of  lead,  or  outwards,  indicating  excess,  without  a 
the  economy  of  the  engine,  and  in  most  cases  without  ; 
affecting  the  smoothness  of  its  running.     In  many  cases  t 

w^"       f^nt  of  the  lead  Vme  \>ro\veT  e^wwviVXi^  ^^^q.Uy  ^oc&t 
ya  run  best  \v\ieu  v\\^  eviw\^t^^\c>\i  ^wiiVsA>i 
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1  other  with  an  easy  curve.  When  a  single  slide-valve  is  used, 
1  the  steam-  and  exhaust-lap  must  be  provided  for  in  its  con- 
ction,  and  cannot  be  subsequently  changed  without  a  change 
proportion.  But  since  it  is  not  the  absolute  amount  of  lap,  but 
imount  relatively  to  the  travel  of  the  valve,  which  determines 
nfluence,  it  follows  that,  by  reducing  the  travel,  the  lap  both 
m  and  exhaust  will  be  virtually  increased,  and  vice  versd. 
r  change  of  travel  must  be  accompanied  by  such  change  of 
iilar  advance  as  will  maintain  the  proper  lead.  The  adjustr 
t  of  the  cut-off  by  the  link-motion  of  the  locomotive  is  an 
ince  of  such  change  of  travel  and  angular  advance. 
I  the  foregoing  description  all  the  capilal  letters  refer  to  dia- 
n  No.  1,  on  page  537. 

/hen  two  slide-valves* are  used,  each  performiDg  the  functions 
iduction  and  exhaust  at  its  own  end  of  the  cylinder,  the  steam- 
may  be  increased  by  setting  them  farther  apart,  and  .dimin- 
d  by  contractiug  their  connection  ;  but  in  such  cases  steam-lap 
btaiued  at  the  expense  of  the  exhaust-lap,  and  vice  verad. 
ring  learned  from  an  engine  embodying  correct  construction 
performance  the  general  features  which  should  characterize 
lagrara,  the  engineer  will  have  no  difficulty  in  recognizing 
cts  as  well  as  deviations  from  diagram  No.  1,  on  page  537. 
se  conditions  should  be  understood  before  the  slide-valve, 
ittling  engine  diagram  can  be  intelligently  criticised. 

Diagrams  taken  from  Automatic  Cut-Off  Engines. 

he  points  of  difference  between  diagrams  from  automatic 
off  engines  and  those  from  slide-valve  engines  will  be  mainly 
id  in  the  steam  lines,  the  points  of  cut-off,  and  the  expansion 
re.  When  the  automatic  cut-off  engine  is  worked  in  accord- 
5  with  the  theory  of  its  operation,  the  steam  is  never  throttled 
:ihe  purpose  of  regulating  the  speed,  but  is  admitted  freely  \j^ 
valves,  the  speed  being  regulated  solely  by  lueMis*  q^  N^x\aI^Q»\v^ 
e  point  of  cut-off.     Hence,  the  steam  Vme  abovA^  \w^\eaJw&'8 
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pressure  equal  to  that  in  the  boiler,  whatever  the  load  may  be^ 
and  would  undoubtedly  do  so,  if  the  proportions  were  good  and 
the  valve-gear  in  perfect  order.  The  necessary  difierence,  then, 
between  the  throttling  and  automatic  cut-off  engine  diagriuin» 
may  be  thus  stated.  In  the  former,  the  height  of  the  steam  lioef 
varies  with  the  load,  the  length  remaining  the  same;  in  tin 
latter,  the  length  of  the  steam  line  varies  with  the  load  and 
pressure,  the  height  remaining  always  approximately  that  of  the 
boiler  pressure.  • 

The  theoretical  diagram. — From  what  has  been  said  in  thi 
foregoing  paragraphs,  it  is  clear  that  a  theoretical  diagram  miy 
be  constructed,  representing  perfect  performance  on  theautomatie 
cut-off  principle,  wjiich  cannot  be  done  in  the  other  case,  as  the 
height  and  conformation  of  the  steam  iine  depends  on  conditioni 
too  numerous  and  complex  for  analysis.  Thus,  with  a  givei 
boiler-pressure  for  a  steam  line,  a  straight  horizontal  line  may  bl 
drawn,  corresponding  with  that  pressure,  and,  from  a  given  poirt 
of  cut-off,  an  expansion  curve  may  be  drawn  having  the  propertiei 
already  described,  and  reaching  to  the  end  of  the  stroke.  If  the 
remaining  terminal  pressure  is  greater  or  less  than  the  couDte^ 
pressure,  a  vertical  line  extending  upwards  or  downwards  to  the 
height  required  by  the  counter-pressure  will  represent  a  perfect 
exhaust  line.  Then,  for  the  return  stroke,  a  line  coincident  with 
the  atmosphere  or  a  perfect  vacuum,  according  as  the  engine  i« 
non-condensing  or  condensing,  will  represent  the  counter-pressure, 
and  a  vertical  line  up  to  the  beginning  of  the  steam  Hue  will 
represent  the  admission  line  and  complete  the  figure. 

If  a  compression  curve  is  desired,  it  may  be  drawn  through  the 
assumed  or  actual  point  of  exhaust-closure  on  the  counter-pressure 
line,  but  such  a  curve  cannot  originate  from  a  perfect  vacuum. 
Hence,  when  the  diagram  is  from  a  condensing  engine,  and  the 
actual  compression  curve  is  to  be  tested  by  a  theoretical  one,  the 
latter  must  be  based  on  the  actual  counter-pressure  present  at  the 
closure  of  the  port. 
This  ffieoretical  diagram  \)e\xv^  ioT  \)cv^  ^^^^siV.  ^wa^o.xa.^'vs^ 
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erfect,  not  in  the  sense  of  representing  the  best  conditions  in  an 
conomical  point  of  view,  but  only  the  most  perfect  performance 
ossible  und*er  given  conditions,  is  nevertheless  the  standard  with 
'hich  the  actual  one  is  to  be  compared,  and  by  which  it  is  to  be 
udged.  For  this  purpose  it  is  customary  to  draw  it  around  the 
etual,  so  that  the  imperfections  of  the  latter  may  be  readily  seen 
nd  their  magnitude  estimated. 

Applleation  of  the  Theoretic  dure. 

On  tracing  the  theoretic  curve  on  diagrams  from  different 
ngines,  a  great  difference  in  the  degree  of  theoretical  correctness 
lown  in  their  expansion  curves  is  revealed.  The  deviation  from 
le  theoretical  is  always  in  the  direction  of  a  higher  terminal 
ressure,  unless  it  is  caused  by  excessive  piston  leakage.  This 
lay  be  explained  on  two  suppositions^  viz.,  leakage  of  the  cut- 
ff  valves,  and  evaporation  of  the  spray  or  water  of  supersat- 
ration  in  the  steam  during  expansion  as  the  pressure  decreases, 
ill  recently  the  former  was  the  only  explanation  offered,  but,  in 
lore  modern  times,  the  latter  has  almost  entirely  displaced  it. 
here  is  no  doubt  that  both  causes  are  in  some  degree  responsible 
►r  the  phenomenon,  but  the  diagram  itself  seldom  furnishes  any 
^liable  indications  pointing  to  either  cause  to  the  exclusion  of  the 
-her ;  nor  does  a  study  of  the  conditions  under  which  the  greatest 
icorrectness  shows  itself  throw  much  light  on  the  subject.  As  a 
&neral  rule,  large  engines  give  more  correct  expansion  curves  than 
nail  ones,  though  numerous  exceptions  are  met  with  in  both 
ises. 

Incorrectness  is  generally  less  with  heavy  loads  than  with  light 
aes.  But  both  the  foregoing  facts  can  be  explained  on  either 
leory,  since,  with  equal  care  in  the  fitting  of  the  valves,  a  large 
igine  will  leak  less  in  proportion  to  the  amount  of  steam  used 
ian  a  small  one.  But  the  evaporation  of  the  spray  will  be  less 
srfect  in  the  former  than  in  the  latter,  owing  lo  \\\fe\Q\i^<ix  ^A\^<i 
^cupied  in  effecting  a  given  degree  of  expaiia\o\i,  ^\irv.\\^N^^^\^ 
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the  heat  of  the  water,  instead  of  being  effective  for  evaporatioD, 
will  be  dissipated.  In  small,  fast-running  engines  the  steam  unde^ 
goes  a  more  rapid  expansion,  and  the  heat,  rendered  sensible  b; 
the  removal  of  the  pressure,  has  less  time  to  be  taken  up  by  die 
cylinder  walls,  and  is  consequently  more  effective  in  vaporaiig 
the  moisture.  Another  fault  in  small  engines  is  imperfection  a 
the  cut-off  valves.  Both  causes  afford  better  facilities  to  openli 
with  an  early  than  with  a  late  cut-off,  the  longer  time  afforded  bf 
the  former,  and  the  less  pressure  under  the  valve,  being  favorahll 
to  the  greatest  leakage ;  and  the  greater  the  change  of  pressure  ii^ 
the  more  favorable  it  will  be  to  the  evaporation  of  the  moistora 

If,  however,  the  deviation  should  (other  things  being  equal) 
found  to  be  greatest  when  the  water  is  high  in  the  boilers,  or  wl 
the  steam  is  being  rapidly  generated,  that  fact  would  point  to 
spray  theory  as  the  undoubted  cause  of  part  of  it.  Such  apj 
to  be  the  case  to  some  extent,  though  the  observations  taken  oij 
that  point  have  not  been  numerous  and  careful  enough  to  berf 
much  value.  But,  whatever  may  be  the  cause  of  the  pheno»| 
en  on,  it  is  so  general  that,  whenever  a  very  correct  curve  is  iwl 
with,  the  suspicion  of  piston  or  other  leakage,  the  tendency  rf 
which  is  to  lower  the  pressure  during  expansion  is  always  justly 
raised,  and  should  be  disposed  of  by  test  or  otherwise,  before  sucfc 
a  curve  can  be  confidently  accepted  as  evidence  of  correct  pff* 
formance.  Nevertheless,  very  correct  curves  are  sometimes  voA 
with  when  piston  leakage  does  not  exist. 

The  most  obvious  lesson  to  be  deduced  from  the  facts  at  presei^ 
in  our  possession,  seems  to  be  that,  when  any  considerable  ifr 
correctness  is  met  with  in  the  curves  of  the  diagrams  taken  firoa 
hirge  engines,  a  considerable  amount  of  leakage  may  be  confr 
(lently  inferred.  But,  in  the  case  of  small  engines,  panicularlr 
fast-running  ones,  the  amount  of  incorrectness  which  may  be 
caused  by  re-evaportition  is  undoubtedly  greater  than  iu  larp 
ones ;  but  even  in  them  the  cut-off  valves  should  not  be  too  read* 
///  excused  without  oxammaUovi. 
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The  Initial  Pressure,  or  Steam-Line. 

close  approximation  of  the  steam-line  of  an  automatic  cut- 
liagram  te  the  boiler*  pressure  is  rightly  regarded  as  an  indi- 
>n  of  good  construction  and  performance.  Other  things  being 
il,  that  engine  which  most  nearly  obtains  the  highest  boiler 
sure  on  its  piston  at  the  commencement  of  the  stroke,  may 
)ff  the  earliest  —  attain  the  highest  ratio  of  expansion  —  and 
LUst  the  steam  at  the  lowest  pressure.  The  last  condition  is  the 
3f  all  improvements  designed  to  promote  steam  economy,  as,  if 
do  not  produce  a  lower  terminal  pressure  for  the  same  work, 
do  not  fulfil  the  conditions  for  which  they  were  intended.  It 
)t  sufficient  to  rely  on  the  steam-gauge  as  a  test  of  the  steam- 
unless  it  has  been  recently  tested  and  found  correct.  Most 
n-gauges  deteriorate  by  use,  especially  if  exposed  to  undue 
or  cold.  When  practicable,  the  engine  should  be  stopped 
blocked,  or  placed  on  the  centre,  steam  admitted  to  the  indi- 
r  at  full  pressure,  and  a  line  traced  by  hand.  If  this  has  been 
1,  and  a  difference  of  four  or  five  pounds  between  boiler  and 
al  pressure  be  detected,  how  is  the  difference  to  be  accounted 
The  pipe  may  be  too  small,  long,  or  crooked,  or  the  ports 
nadequate;  or  both  these  defects  may  exist.  To  test  this 
:er,  a  connection  should  be  made  between  the  indicator  and 
steam-pipe  above  or  below  the  throttle,  as  may  be  thought 
arable.  By  means  of  this  connection,  a  diagram  representing 
iuctuations  of  pressure  in  the  pipe  is  produced  over  the  engine 
ram.  A  diagram  produced  in  this  way  will  show  whether 
loss  of  pressure  is  due  to  the  ports  or  the  pipe.  In  such  a 
,  the  pressure  falls,  when  it  is  admitted  to  the  cylinder,  until  it 
eds  the  initial  pressure  but  little  more  than  one  pound.  Then, 
)on  after  the  steam  is  cut  off,  as  the  space  immediately  above 
cut-off  valve  can  fill,  the  pressure  rises,  and  the  momentum 
he  steam  in  the  pipe  evidently  carries  it  above  ihaX  q^  \kv^ 
3r,  and  about  the  middle  of  the  stroke  it  faWs  a^awi,  e^\^^vNNV^ 
r  beJow  the  boiler  pressure.     At  about  l\iTe^io\3it\)as.  Q.i  ^^^ 
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stroke  it  rises  again,  but  this  time  not  so  high  as  it  did  at  its  &ik'{ 
rise,  probably  not  above  boiler  pressure.     These  secondary  flue 
ations  possess  no  special  significance,  except  as  showing  that 
boiler  pressure  is  to  be  determined  by  finding  the  ^nean  of 
extremes.     Their  frequency  during  the  stroke  will  depend  on  die] 
length  of  the  pipe  as  determining  their  frequency  in  time,  and 
the  speed  of  the  engine  as  determining  their  relative  frequc 
The  pressure  of  the  steam  also  affects  them,  as  high-pressure 
is  denser  than  low.    The  trouble  involved  in  making  the  n( 
connection  for  such  a  diagram  will  of  course  exclude  them  in 
cases,  but  their  value  to  the  engineer,  as  a  means  of  arriving 
correct  proportions  for  the  pipes  and  ports,  will  be  apparent 

The  Mean  Eifective  Pressure. 

Whatever  uncertainty  may  attach  to  the  inferences  dedi 
from  ^indicator  diagrams,  there  is  every  reason  to  believe  tl 
provided  that  the  spring  is  correct,  the  instrument  in  good  wor 
ing  order,  and  its  indications  mathematically  calculated,  the  cofr^ 
elusions  will  be  reliable.  The  usual  method  of  calculating 
mean  effective  pressure  is  to  divide  the  diagram  into  any  suital 
number  of  equal  spaces  by  lines  or  ordinates,  to  measure  the  cent 
of  each  space  with  the  proper  scale,  and  to  take  the  average  of 
several  pressures  by  dividing  their  sum  by  their  number.  Botj 
since  it  is  easier  to  measure  on  a  line  than  to  guess  at  the  cent 
between  two  lines,  it  will  be  preferable  to  make  the  first  and  l«rt 
spaces  half  the  width  of  the  rest,  which  will  make  the  lines  staJ 
in  the  centres  of  equal  spaces.  The  measurements  are  then  takd' 
on  them.  Diagram  No.  1,  page  537,  is  lined  in  this  manner. 
The  most  expeditious  and  accurate  method  of  obtaining  tin 
average  of  these  ordinates  is  to  take  a  slip  of  paper,  apply  iti 
edge  to  each  of  them  in  succession,  and  mark  their  combiued 
length  on  it.  This  length  in  inches  multiplied  by  the  scale  of  th« 
spring  usvd,  and  the  produet  <\\\\v\civ\  \i>j  \\v^w\3cw\Wt  of  ordinate! 
Hsured,  will  give  the  det^ired  a\et'a^^.   ^^  xx^vs^^^^-ax^^xs^J^^ 
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krument,  as  the  point  of  a  knife,  thrusting  it  into  the  paper  at 

foot  of  each  ordinate,  moving  it  to  the  top  of  the  next,  and 
rying  the  strip  with  it,  the  measurement  may  be  taken,  with 
at  ease  and  rapidity. 

The  simplest  method  is  to  measure  the  ordinates  between  the 
ict  and  counter-pressure  lines.  This  will  give  results  accurate 
ugh  for  most  purposes ;  in  fact,  it  will  give  the  mean  average 
ihe  two  ends  with  entire  accuracy,  and  this  must  always  be  ob- 
led  as  a  basis  for  calculating  the  .power  of  the  engine.  But, 
e  a  diagram,  from  either  end  of  the  cylinder,  represents,  by  its 
er  line,  the  pressure  which  impels  the  piston  during  one  stroke, 

by  its  lower,  the  counter-pressure  which  opposes  it  during  the 
ke  in  the  opposite  direction,  it  follows  that,  from  either  diagram 
le,  a  corrrect  balance  for  either  of  the  two  strokes  which  it 
•esents  cannot  be  struck.  To  do  this,  the  mean  counter-pressure 
be  one  must  be  deducted  from  the  mean  impelling  pressure  of  the 
Jr.    To  obtain  these  pressures  separately,  it  is  necessary  to  draw 

measure  the  ordinates  from  the  lines  representing  them  to  the 
iium  line.  This,  however,  is  unnecessary,  except  for  very  ac- 
ite  analysis.    In  general,  the  counter-pressure  of  the  two  strokes 

be  very  nearly  equal,  especially  if  the  exhaust  and  cushion 
properly  equalized ;  and  even  where  they  are  unequal,  the  final 
rage  of  the  two  ends  will  be  correct. 

"he  number  of  ordinates  may  preferably  be  one-fourth,  one- 
d,  one-half^  or  equal  to  the  number  representing  the  scale  used  ; 
?hich  case  it  will  only  be  necessary  to  multiply  the  combined 
jth  of  the  ordinates  (or  the  string,  as  it  may  be  called)  by  4, 
r  2,  as  the  case  may  be,  to  obtain  the  desired  result.  If  the 
iber  is  equal  to  the  scale,  the  multiplier,  being  1,  need  not  be 
L  Thus,  suppose  the  scale  to  be  40,  the  number  of  ordinates 
and  the  string  14^  inches.  As  the  scale  represents  twice  the 
iber  of  ordinates,  the  string  being  multiplied  by  2  will  give  a 
luct  of  29  lbs.  mean  pressure.  Or  suppose  diagrams  to  b^ 
jn  from  both  ends  of  the  cyJiiider,  either  oi\  Ihe  §>aTcv^  ^^^^x  q.x 
rateJjr,  dud  the  one  to  be  calculated  and  avei^^^^  ^'v'Oa  "v^^ 
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other.  The  string  of  both  may  be  taken  together  on  die  ns 
strip,  tend  if  the  scale  is  twice  the  number  of  ordinates,  the  lengl 
of  the  string  will  give  the  mean  pressure  at  once  without  mul 
'  plying.  When  taking  such  a  continuous  string  for  two  diagiu 
the  termination  of  the  first  should  be  marked  with  a  pencil, 
that  the  two  may  be  compared. 

When  diagrams  are  met  with,  in  which  the  expansion  cu 
crosses  the  counter-pressure  line,  the  string  should  be  taken  fi 
the  beginning  up  to  the  point  where  the  lines  crbss,  and  after  1 
in  a  reverse  direction  on  the  strip,  so  as  to  cancel  the  part  of 
string  already  made.  When  the  terminal  end  is  reached,  v 
remains  of  the  string  first  made  will  give  the  mean  effective  p 
ure  (M.  E.  P.)  in  the  usual  way ;  or  the  total  mean  impellim 
counter-pressure  above  vacuum  may  be  found  separately,-aiidil 
difference  ascertained.  ■-•^ 

To  Space  the  Ordinates.  ' 

Draw  vertical  lines  touching  the  ends  of  diagram  Na  l, 
E  If  and  apply  a  rule  across  them  in  a  more  or  less  obliqae  i 
tiou,  till  some  division  ou  the  rule,  as  y^,  ^,  j'^,  J,  or  J,  will  di 
the  distance  between  the  points  where  the  rule  crosses  the! 
an  even  multiple  of  the  number  of  ordinates  desired.  ' 
the  dotted  oblique  line  in  diagram  No.  1  is  3J  inches  long, 
contains  the  j\  division  60  times ;  consequently,  ^%  pointed  a 
each  end,  and  ^^  for  the  other  spaces,  will  correctly  divide 
diagram  for  20  ordinates.  With  a  little  greater  obliquity  the 
tance  would  be  4  inches,  when  -^  inches  would  be  right  for 
end  spaces,  and  j\  for  the  rest. 

To  Calculate  the  Indicated  Horse-Power  (I.  H.  P.). 

Multiply  the  speed  of  the  piston  in  feet  per  minute  by  the  a 

^^'  *he  pifitoii  in  square  \uc\\e:^,  a\\v\  vi\\\^^  X.W  \>todiict  by  33,0 

uit  will  be  the  H.  V.  i^ot  e^viV  ^q\xw^q?L^V.^'^«^^ 
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e  of  each  pound.  See  table  on  page  566.  Thenmultipl; 
E.  P.  by  this  value.  This  method  is  preferable  to  niulti- 
by  the  M.  E.  P,  before  dividing,  as,  when  several  diagrams 
te  game  engine  representing  varying  loads  are  to  be  calcu- 
he  value  when  once  obtained  will  answer  for  all,  the  speed 
jractically  the  same  in  etich  case.  The  area  of  the  piston- 
enerally  ignored  in  such  calcuiationa,  though  it  will  dimio- 
arca  of  one  siile  of  the  piston  about  j'^. 
custom  of  dividing  the  indicator  card  into  ten  ordinntes 
n  generally  adopted  by  engineers  because  ten  is  the  most 


tiply^ 


:at  number  for  a  divisor,  since  the  process  of  dividing  hyM 
it»  merely  of  pointing  off  one  decimal.  The  M.  E-  P.  is" 
led  by  dividing  the  aggr^ate  length  of  the  ordinat^e  by 
imber,  and  multiplying  the  quotient  by  the  scale  of  the 
.  The  following  instructions  will  be  found  useful  to  per- 
iccuatomed  to  make  tbe  calculation. 
—  Divide  the  card  into  ten  equal  parts,  as  abown  by  ih6 
•1  the  above  diagTam,  after  w\uc\\  dt&'fl  «.\\'p*  «5:%»-'^ 
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through  the  centre  of  each  space,  as  shown  by  the  fall  Umsl, 
3,  etc..  Then  draw  the  dotted  line  A  A,  representing  die  ita 
pheric  line,  also  draw  the  full  line  V  V,  representing  the  nn) 
vacuum  line,  which  is  equal  to  14^  pounds,  below  the  ati 
pheric  line;  then  measure  the  card  at  the  following  points: 

The  initial-pressure  as  shown  at J 

The  pressure  at  the  point  of  cut-off    •        •        .        •    C( 

The  terminal-pressure  at ! 

The  pressure  at  the  end  of  the  cushion  •  •  •  I 
.  Next  measure  the  full  lines,  or  ordinates  1,  2,  3,  etc.,  wij 
slip  of  paper,  marking  with  a  sharp  pencil  or  the  point  of  a  1 
the  length  of  each,  until  it  contains  the  sum  of  all  their  loi] 
which  in  this  case  will  be  found  to  be  11*75  inches;  then,; 

the  mean  length  -— -  =  1*175  inches,  and  the  mean-pro 

1*175  X  16  scale  of  the  indicator  =  18*80  pounds ;  the  oo 

rendering  of  a  card  would  be  as  follows : 

Initial-pressure,       (above  zero)  =    J.     =  32*01h 

Pressure  at  cut-off       "        "  =  0.0.  =  28*0  * 

Terminal-pressure        "        "  =     T,    =  17*0  * 

Mean  back-pressure     "        "  =    B,    =.    5*6 ' 

Pressure  at  end  of  cushion  (above  zero)  =     O.    =  18"5j 

Mean  effective  pressure  = 

Suppose  the  diagram  to  be  taken  from  one  end  of 

50  inches  in  diameter  (with  a  stroke  of  48  inches), 

revolutions  per  minute,  and  the  area  of  piston  to  be  1968' 

inches,  then  1963-5  x  18*8  =  36,913*8.     This   proflBOi^ 

the  piston  throughout  the  stroke,  48  inches,  50  times  a 

and  the  work  done  on  one  side  of  the  piston  in  each  mini 

48 
be  36,913-8  x  50  x  ^^  =  7,382,760.   Now,  if  another  diagmi^ 

taken  from  the  other  end  of  the  cylinder,  and  the  meaflnifll 
be  the  same,  the  total  work  done  by  the  engine  each  minute  i 

33,000 
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)e  analysis  of  diagrams  in  thiework,  the  ciiBtomuf  dividing 
gram  into  ten  ordiuates  is  sometimes  departed  froni,  becaoee, 
first  place,  ten  ordinates  are  not  considered  enougli,  iu  all 
3  insure  accurate  calculation ;  and.Eecondly,  because,  wben  the 
r  of  ordinates  is  made  tlie  same,  or  one-half,  one-third,  oi 
irth  as  many  as  there  are  pounds  per  inch  in  the  scale 
diagram,  the  calculation  is,  if  anything,  simpler  than  the 
loess,  since  the  sum  of  the  ordinates,  as  measured  on  the 
r  paper  iu  inches,  is  the  mean  effective  pressure  at  once, 
he  number  of  ordiuates  equals  the  scale,  and  in  other  cases 
i  the  same  relation  to  it  that  the  uumber  of  ordiuates  doefl 
tcale.     Ten  ordinates  may  be  used,  however,  for  such  scalo) 
divisible  by  10. 

)oae  the  scale  to  be  60.  and  the  number  of  ordinates  10, 
it  the  sum  of  their  lengths  is  7  inehea.     According  to  the 
process,  ^j  =  -7  X  60  =  42  lbs. ;  by  the  latter  method,  siip- 
the  number  of  ordiuates  to  be  ^  of  the  scale,  the  process  t| 
6x7  =  42;  that  is,  the  mean  efltictive  pressure  would  b^ 
^  the  sum  of  the  length  of  the  ordiuates,  if  the  scale  is  si^ 
icir  number. 

1 

1 
* 

1 

Dse  the  scale  to  be  40  Ifaa  per  inch,  one-\ift\?  o'l  ft\ai.  ^iw 
g^rdinates,  as  shown  in  the  abOYe  diagram,  we  "*s« 

h 
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and-  suppose  the  sum  of  their  lengths  is  found  by  the  procen  d 
measurement  above  given  to  be  15*3  inches,  then  twice  thatmdi 
ber  will  be  the  mean  effective  pressure  in  pounds  per  square  iod 
or  15*3  X  2  =  30*6  lbs.  Suppose  the  cylinder  of  an  engine  is  1 
inches  in  diameter,  40  inch  stroke,  running  at  a  speed  of  75  lef 
lutions,  or  500  feet  per  minute ;  the  area  of  such  a  piston  won 

be  314*16  square  inches;  hence,  — ^^     ^ —  =4*727  horee-poi 

for  each  pound  of  mean  effective  pressure.  The  latter  being  3(1 
then  30*6  x  4*727  =  145,656,  the  indicated  horse-power. 

The  Indicated  Horse-power  may  be  found  more  accurately 
measuring  the  exact  area  of  the  space  enclosed  by  the  diagn 
This  may  be  done  with  the  aid  of  the  planimeter,  which  is  descril 
on  pp.  566-569.  '  Having  determined  the  area  of  the  diagr. 
proceed  as  follows : 

Rule  for  finding  the  mean  effective  pressure  from  the  area 
the  diagram. 

Multiply  the  area  of  the  diagram  in  square  inches  by  the  so 
of  the  spring  and  divide  the  product  by  the  length  of  the  diagr 
in  inches.     The  quotient  will  be  the  mean  effective  pressure. 

Rule  for  finding  the  indicated  horse-power. 

Use  the  mean  effective  pressure  thus  obtained  and  proceed 
above,  or  more  exactly : 

Take  the  area  of  the  head  end  diagram  and  multiply  it  by  I 
scale  of  the  spring,  and  the  ratio  of  the  length  of  the  stroke 
feet  to  the  length  of  the  diagram  in  inches.  This  product  is  t 
work  done  per  square  inch  of  piston  area  each  stroke,  and  hei 
it  must  be  multiplied  by  the  piston  area  in  square  inches  andt 
number  of  revolutions  per  minute  and  divided  by  33,000,  togi 
the  horse-power  of  the  head  end. 

Next,  take  the  area  of  the  crank  end  diagram  and  proceed 

the  same  way,  except  that  the  area  of  the  piston-rod  must  be  c 

ducted  from  the  area  of  the  piston.     This  result  will  give  t 

horse-power  of  the  crank  end,  \j\\\e\\,  ^^^^A.  \.c^>(Jtv^^T^\.,mU^ 

the  total  indicated  horse-powex  o^  \-\v^  exv^vcvfe. 
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Example. — In  diagram  No.  21,  on  page  654,  suppose  that  T 
resents  the  head  and  J?  the  crank  end,  and  suppose  that  the 
^&  of  these  two,  as  measured  by  the  planimeter,  are  4.087  and 
rS  square  inches  respectively.  The  scale  of  the  spring  is 
rty  pounds  to  the  inch  .and  the  piston-rod  is  four  inches  in 
meter.  Required  the  mean  effective  pressure  and  the  horse- 
^er  of  either  end  and  the  total  indicated  horse-power  ? 
ince  the  length  of  the  diagram  is  4 J  inches  we  have 

M.  E.  P.  (head  end)  =^^^^=.  27.25  pounds. 

M.  E.  P.  (crank  end)  =^— — '—z =  28.50  pounds. 

M.  E.  P.  (average)  =  257.875  pounds. 

27.875  X  720  X  1847.45 
I.  H.  P.  =  -33-^^^^  =  1123.36 

if  the  horse-power  is  calculated  from  the  diagram  direct,  tak- 
into  account  the  area  of  the  piston-rod,  the  ratio  of  the  length 

troke  to  that  of  the  diagram  is  ti-  =  1.333,  and  the  area  of  the 

4.5 

ron-rod  is  12.566  square  inches,  hence 

T  Ti  15  /u    A      JN      4.087  X  30  X  1.333  X  1847.45  X  60 
I.  H.  P.  (head  end)  = 3^^^^ 

=  549.2 

T  TT  T5  /        1       JN      4.275  X  30  X  1.333  X  1834.88  X  60 
I.  H.  P.  (crank  end)  == "33000 

=  570.5 

I.  H.  P.  (total)  =  549.2  -f-  570.5  =  1119.70* 

The  calculation  on  page  555   for  the  same  engine  gives  ll'ZS.^^^.'^.^ 
ead  of  1 1 19.70  H.  P.     The  latter  is  the  more  accurate  becaws^\X\^  ^\«».xsv^- 
:>f  the  piston  rod  is  taken  into  consideration. 
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Id  order  to  make  this  calculation  more  clear  let  us  assume 
when  the  cut-off  takes  place  later  in  the  stroke  the  engin* 
creases  in  speed  to  80  revolutions  per  minute  and  the  p 
increases  to  2000  indicated  horse-power.  Neglecting  the  i 
ence  of  the  area  of  the  piston-rod,  wha);  must  be  the  mean  effi 
pressure  under  these  conditions  ? 

Total  work  done  per  minute  = 

33,000  X  2000  =  66,000,000  foot-pounds. 
Work  done  per  stroke  = 

66,000,000       ..ornni^    *  a 

~h — «A~  =  412,500  foot-pounds. 

Space  traversed  by  piston  per  stroke  =  6  feet. 
Mean  force  acting  on  piston  = 

*41 2,500       ^^.-^  , 

-  -'- — —  68,750  pounds. 

Area  of  piston, 

0.7854  X  48.5  x  48.5  =  1847.45  square  inches. 

Mean  force  on  each  square  inch  of  piston  area  =  mean  e£R 
pressure  = 

68,750       Q7  0  ^  -1. 

_^      =  37.2  pounds  per  square  inch. 

The  net  or  brake  horse-power  of  a  steam  engine  maybe: 
from  the  indicator  diagram  in  the  following  manner: 

Take  an  indicator  diagram  when  the  engine  is  running 
full  load,  and  another  when  it  is  running  "with  no  load  excej 
internal  friction.  The  latter  is  called  the  frictian  diagram, 
duct  the  area  of  the  friction  diagram  from  that  of  the  foil 
(liaiirani,  and  fn^ni  this  net  area  calculate  the  mean  effi 
pressure.  The  latter,  used  in  the  formula  for  horse-power, 
give  the  actual  horse-power  available  at  the  shaft.  The  1 
power  consumed  by  any  machine  which  the  engine  is  driviDg 
he  found  by  taking  d\agt^m%  Yivth  the  machine  on  and  ofl 
iJating  the  horse-]^Y?ei  V\\\i  \)cx^  ^^«c«^^i^  ^  ^^  ^skq  i 
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-  Finding  the  Theoretical  Clearance  toi 
the  Scale  is  known. 


rom  two  points  in  the  expansion  curve,  aa  A  B,  the 

iriy  aud  the  latter  as  late  ns  possible  eonsiateat  with  ihe  cer- 

ty   that  both 


with   large  engines  of  good  CunaVcMcflXt^^ 


f 


I 
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ill  good  condition,  the  iJiagram  agrees  closely  with  exucl  thw 
the  clearauce  thus  showu  will  be  less  than  the  actual. 
On  theoretical  grounds,  there  should  be  no  clearance  at  all 

auy  space  between  the  cylinder-head  and  the  piston  at  the  em 
the  stroke  must  be  filled  with  steam.  But  in  practice  it  is  im 
sibJe  to  dispense  with  it,  since  any  wear  of  the  parts  must  i 
the  stroke,  and  foreign  substances,  such  as  grease  or  water, 
find  their  way  into  the  cylinder.  The  loss  resulting  irom  clear 
in  cylinders  may  be  lessened  by  judicious  design,  since,  if 
pression  takes  place  as  the  piston  approaches  the  end  of  its  st 
it  serves  to  raise  the  temperature  of  the  steam  enclosed,  rei 
the  quantity  of  new  steam  required,  and  brings  the  mome 
of  the  piston  to  rest,  thereby  lessening  the  shock  on  the  cni 


Draw  a  line  representing  the  clearance ;  then  proceed,  ttB'l 
to  draw  the  parallelogram,  A  C  D  B,  and  continue  ita  Am 
C  D,  till  it  intersects  the  clearance  line,  as  at  E.  Frotn  tn 
est  point  to  this  point  of  intersection,  generally  below,  (yitA 
ita  distance  from  the  atmospheric  line,  will  represent  the  n 
of  the  atmosphere,  according  to  one  of  the  scales  in  ti8l|i 
the  vacuum  line  which  fixes  the  scale.  For  instance,  supn 
intersection  occurs  about  -^g  of  an  inch  belpw  the  atmos] 
line.  The  nearest  poiut  below  that  point  at  which  a  vacnun 
can  be  located  to  correspond  with  any  of  the  usual  scales  i 
corresponding  with  the  30  lbs.  scale,  or  a  little  less  tliaa  i 
If,  however,  there  be  reason  to  suspect  that  the  actual  scale  i 
from  30  to  40,  (32,  for  instance,)  this  method  will  not  iletel 
it  with  certainty,  but  it  will  approximate  it  when  the  diS 
scales  used  are  known  to  differ  from  each  other  to  the  extei 
10  to  20  lbs.  per  inch.  No  method  can  be  relied  upon  when 
'a  limited  length  of  the  expansion  curve  is  av^lable,  or  when 
\ucb  distorted  by  vibration,  ot  ovWt  4e,Wta  in  the  perfbim 
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Indicator  Diagrams. 

All  indicator  diagrams  are  the  perfect  pictureB  of  the  perform- 
icea  of  the  eoginea  from  which  they  are  takeD,  provided  the  in- 
cator  is  in  good  order.  There  are  two  seoBcs  in  which  a  diagram 
snid  to  be  perfect  or  imperfect.  First,  it  may  be  in  perfeot  con- 
■iiijty  to  existing  condition^  as  clearance,  load,  ateara -pressure, 
'.,  though  all  of  these  cooditious  may  be  far  from  the  best;  or, 
Olid,  it  may  not  only  confortn  to  the  above  coiiditions,  but  it 
y  represent  the  best  attainable  conditiouB,  which  would  iuclude 
elcui'iiiiQC  at  all,  which  is  unattainable. 


5  Cshows  the  steam  line;  C,  point  of  cut-oif; 
X  pa  nsion  curve ;  D,  exhaust;  7)  £,  exhaust  line;  £i^,  eounter- 
issureline;  Ji",  point  of  exhaust-closure;  /"  G,  compresaion  curve; 
B,  admission  line;  A  A,  atmospheric  line;  V  V,  vacuum  line; 
S,  line  representing  the  clearance ;  0  0  0,  ordinates  for  ascertiun- 
g  the  average  pressure ;  7,  continuation  of  the  expansion  curve  to 
d  of  stroke,  to  give  the  terminal-pressure  for  the  purpose  of  calcu- 
ting  theoretical  consumption ;  J,  the  point  in  the  compression  curve 
here  the  pressure  equals  the  terminal ;  conaequeoW'j ,  1 J  Sa'Coft'^-^' 
^op  oi'ihe  whole  stroke  taken  as  the  measure  ot  vXie  cniiffio.TOfc 


SQ.'^fo 


I  clearance,  175  per  cent.;  mean  effective  pressure. :^6  lbs. 
;    very  perfect  performance  both  of  the  engine  and  iiidi 
Diagram  No.  3  was  taken  from  a  locomotive  hiiilt  at  the 


B  Works,  for  ttie  ¥c«to^\iwv\«.  RaUroad  Compi 


■oad  Com  pa 
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tfaes;  stroke,  22  laches;  speed,  93  revolulious  per  luinuU;; 
r-pressiire,  115  IW  per  square  inch;  iuitial-preaaure,  100  Iba.; 
■ctive  pressure,  SO  60  lbs.;  clearauce,  4  per  cent.     At  the 
B  diftgram  was  takea,  the  engine  was  pushing  a  train  of  15 
n,  ffhose  gross  weight  was  302  tone,  throttle- valve  wide 
iBt  a  grade  of  74  feet  rise  per  mile.     Adhesion  per  ton 
I,  resistance  per  ton  due  to  grade  3.5'7  lbs.     The  slight 
f  of  the  induction  corner  was  probably  caused  by  too 
in  the  pencil,  wliieh  prevented  it  from  rising  till 
I  paper  started  to  move.    The  diagram  is  very  good.    The 
noil  curve,  as  far  aa  can  be  observed  from  its  limited  extcDt, 
soorrect,  anti  its  compression  curve  very  uearly  so. 

Diagram  No.  4  was  taken  from  a  Wardwell  valveleas  engine 
1(1   eshibition    (it   the  Centciiniul    Exposition   bold  at  Pbiladel- 


Diagram  No.  4. 

liiii.  The  conditions  under  which  the  diagram  was  taken  are 
»t  apecified.  but  it  will  be  observed  that  the  exhaust-port  opens 
aite  late  and  quick,  which  explains  the  fact  that  the  curve  is  all 
a  the  lower  corner.  The  cut-off  is  quick  aud  sharp.  The  indue- 
on  and  compression  lines  are  also  good.  The  lateness  of  the  ex- 
auat  18  a  ueceasai^  result  of  ihe  movement  'K\\idQ  ^TQ&aijea'W.,** 
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the  lateral  vibration  of  the  couuec ting-rod,  which  gives  a  mOYemeal 

exactly  eqiiivalcDt  to  that  of  an  eccentric  without  augular  ftdvanw. 

Diagrams  No.  5  were  taken  from  au  old  Corliss  engine  Ui« 

u«-i  k^,^^  "*Diiipg  in 


iicil  was   held  •• 
■  B-  during  several  r 

JutiouB,  ami.  the  governor  \i'iv\\%  o\ftT^e»s*!Cvf%  wiil  fluotortj 
HHhMt  lines  were  drawu  vx  ee^\i  xc.ni;^ 
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^BUgram  Not  6  wrs  taken  from  a  Harris  Corliss  eagioe  oper- 

ting  at  tlie  Cincinnati  Indiislriai  Expoailiou  ol'  1875.     Size,  16 

<  48 ;   si>eed,  60  revolu- 

ions,  or  480  feet  of  piston 

peed   per  minute.    Butii 

he  isothermal,  /,  and  the 

■diabetic  curves  are  drawn. 

fi  tracing  the  latter,  the 

idlowing  process  waa  used. 

^ba  horizontal  lines,  A,B, 

'3tD,E,F,  G, represent  lo- 

tl  pressures  (above  vacii- 

nx)  of,  respectively,  90, 80, 

'■,  'in,  50,  40,  aodSO  Ihs., 

.Illumes  of  which  an' 
■  .  .:!33,  878,  437,  516, 
4<>,aDd83S,  AHhepoiDt. 
3,  where  the  curve  tcnni- 
iRtes,  the.tulal  pressure  is 
■8  Ibs-.thovolnmeof  which 
»1290.  Now,itiaevidetit 
bat  if  the  distance,  H  J. 
''-T.-h  is  47  inches,  repre- 

-    1290,   the    distance, 

•  ',    representing     838, 
volume  of  30    lbs.,) 

.   Iiiv  proportionately  as 

ii    shorter   than    H  J 

■■■'^  is   leas  than  1290. 

'■■<;  the  formula,  1290: 
:    838   :    3-0.5.      ur 


J-l'Jif 


.— =3'05,v 


Igiv. 


•  iistance   (3'05)  froi 
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tiiftt  point  in  the  curve  which  shows  a  preeaure  of  30  lbs,  lal 
■  4-7  X  640 , 

Ftnanner  the  formula  for  the  point,  F,  will  be  —  \0Q(f~ 
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rn  is  not  baaed  on  the  actual  clearance  subject  to 

on  a  reasonably  small  amount,  not  greater  thai 

true    automatics  | 
good  construction ; 
leequently,  it  is  not 

It  of  the  conforro- 
Ipf  the  curve  to  the 
Hal  conditioDS,  but 

ler    a    means   of 

ipariug    the    eco- 

lical  results  of 
h  an  arraugemeut 
engines  of  the 
.utomatictype. 
Diagram  No.  8  was 
en  from  a  Wlieel- 

au  to  ma  tic  eut-off 

ine  on  exhibition 
the  Centennial  £k- 

tioH.    Size,  18  X 

clearance,  4j  per 

1.;  scale,  30;  mean 

;live  pressure,  12; 
fon  speed,  50  revo- 
ions,  or  400  feet  per 

ute.    A  is  the  adi- 

lic  and  /  tlie  i^olli- 

al  curve,  both  be- 
based  on  actual 

diagram  is  quite 
id  for  a  light  load, 
Dgh  the  very  slight  I 

tpressioa  is  aot  in  Diagt&i 

rd&nce  with  the  weight  of  opiuiou  as  to  wVat  coxia^ 


1 
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Diagrams  No.  9  were  taken  from  a  Cummep  elide-valTO  e 
with  riding  cut-off,  built  i 
troit,  Micliigan.  8ixe,  26 
inches ;  speed,  80  revola^i 
480  feet  per  minute;  seal 
mean  effective  pressun  tu 
en ;  clearance  h  nnkao^itA 
aumiiigittobe4pereeBlJ 
is  about  what  its  conBtruON 
quires,  the  tlieuretica]  cH 
one  end  shows  correct  fm 
ance,  hut  that  at  the  Otltfln 
conaiderabie  deviation,  'ft 
a  cHse,  taking  th«  sizA  ori| 
giue  into  con gi deration,  ■ 
plauation  oi*  tbis  defect  Rl 
tweeu  two  suppositions,  1st 
the  eut-off  valve  leaked  • 
end  and  not  at  the  otJier;t 
that  the  volume  of  cleam 
greater  at  one  end  than  a 
other.  If  the  engine  bad 
a  small  one,  the  eu|i| 
thcescapeoftheexpi 
troni  ihe  right-hand^ 
a  leaky  alide-vaivs  1j| 
missible ;  but  Uie  ( 
end  is  just  what  ao-d 
fize  given  should  ] 
i>ut  leakage  of  Uiy'fl 
the  left  band  ib  tbiaW 
BtteDtioR  is  direeted^^ 
of  the  diflerenoB  b 
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Bhii  No.  10  was  taken  from  oue  of  a  pair  of  16  x 
luide-valve  eDgines,  which  were  attached  to  the  same  shaft 
raokB  at  right  aoglee  to  eaeh  other.  The  piston  speed  waa 
et  per  miuute;  mean  effective  pressure,  323,  The  sudden 
latiou  of  the  compression  curve  with  a  descending  hook  sug- 


iiunll 


Dtagrom  Mo.  10. 
eaknge  of  the  piston  or  valve.     The  more  rapid  fall  of  the 
sion  curve  than  theory  requires,  strengthens  this  supposition, 
lints  to  the  piston  as  the  source  of  the  trouble.    The  rise  q 
tr-pressure  in  tie  middle  of  the  return  stroke  is  due  to  K 
)n  of  the  exhaust  of  the  other  engine. 


DiKfi-i 


Bf  A0.  //  was  tnkea  from  aa  engine,  1&  X  &&,  Vs^ 


rWK  HWGlWHim'ff  ■HAItDT'Wf 


H    m  Detroit,  Michigan.    The  cut-off  was  effected  by  a.  spedal  ( 

^M    off  valve  above  the  ateam-ehest,  operated  by  a  Kendall's  pU 

^H    governor,  which  varies  the  throw  and  advance  of  an  eccew 

^P    on  the  shaft  by  an  arrangement  similar  to  that  of  the  link-mot 

of  a  locomolive.     The  most  striking  defect  \a  the  estremeij  1 

induction,  showing  a  displacement  of  the  eccentric,  leading) 

loss  (if  abont  one-sixth  of  the  stroke.     The  exhaust  Is  loo  1 

evidently  from  the  same  cause. 

Diagrams  No.  li  1 
taken  from  a  Brown  ■ 
matic  cut-off  engineffll 
hiliition  at  the  Cental 
Exposition.  Diarartei 
cylinder,  15  inches;  tU 
38;  revolutions,  66;  li 
30  lbs.  They  show  ikhi 
ful  conformity  to  lh« 
cal  reqoiremeota,  anil 
the  engine  and  ioiiif 
mnst  be  in  the  most  pe 
order  lo  produce  suoha 
The  unusually  sharp 
otT  corners  aredueWl 
liiiu  extent  to  the  fiid 
llie  induction  anil  ci 
valves  are  of  the  gri 
type,  and  that  the  imJi 
is  (,f  an  improved  ]« 
wilh  esceptioiially 
moving  parts  ;  but  aevi 
kss  there  is  ao  tur  C 
picion  about  theiu,  ihi 
leave  doubts  of  Ulirfi 

7/;g-e«t   engineers   v,\i^  uiidcis^*^^  "■ 
■engines. 
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Diagram  No.  13  was  taken  from  a  John  Cooper  engine,  built 
'  1-  the  Babcock  and  Wilcos  patent,  at  Mount  Vernon,  Ohio. 

ter  of  cylinder,  20  inches;  ytroko,  36  inches;  boiler-press- 

'i:<  lbs.  per  square 
:  speed,  60  revolu- 
.■  |*er  minute;  scale, 
r-.  per  square  inch. 
-n.iwa  no  imperfec- 
uorthyofnote,  ex- 
the    imperfect  re- 
ti  of  the  compres- 
(ir.Msure,  owing 
■  it'dly    to     leakage 
;lier  of  tlie  piston   i 
i^t.-  valve.    Such  a  de- 
Mt  is  a  very  common 
and    may    appear  I 

nil     other     evi- 
■s  (if  leakage  exist, 
ich  case  it  is  proli- 
1  that,  if  the  coni- 
ijon  escapes  by  the 
)  leakage  ex- 
the  end  of  the  I 
■,  if  it  eacapes  I 
'ftlve,  only  the  I 
retains  | 
hpreBsion-preBS- 
Di perfectly.    In 
wnt    cose    the 
n  curve  coui- 
Iproreptly,    but  DiaKram  No.  13. 

Mmpletely,  and  falls    again   before   admission,  show- 
1  le»kage  conini^ttces  suddenly  ntai  \h«  sa^  -jii  *Coj5. 


w 
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Diagram  No.  14  was  taken  &om  a  9  x  15  '•'c''  T 

;li(!e-vftlve  engine.     Speed,  190  revolutions  per  minute; sfflfc)' 


DlagTam  Ko.  14, 
cleanmee.  (>4  jier  cent.;  meaa  effective  pressure,  41  Iba.  Inril 
noticed  that  its  events  occur  late,  which  defects  arise  from  ooua 
lum,  iiidicatiiig  obstructed  exhaust  bu<J  imperfect  rise  in 
ipresston- pressure,  suggesting  leakage  of  either   the  vaiTi 
fUBtou  by  which  the  com pressiou -pressure  has  escaped- 


noticf 

■    fUBtOt 
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ioai 


t,  and  itfl  exceBflive  counter-preeaure,  all  tending  to  i 
fuel  consuroptioD,  apeak  louder  than  words  of  the  vital  im 
of  an  int«lligeat  use  of  the  indicator  by  engine  builders 
irlywhenperfe 
Hew  desigus  and 
Iructione.        The 


iressure    was 

due  to  a  oon- 

,ffi(hau»t-nuzz!e 

E60reai«  draught ; 

'en  if  it  bad  had 

exhaust  capac- 

ftll  points  ex- 

I  the  nozzle,  tlie 

r-pressure    cre- 

1^  that  ought  not 

ave  exceeded  one 

f  one  and  a  half  to 

v  pounds  per  square 

[Diagram  No.  >6  ia 

^  exact  transfer  from 
diagrams    taken 
rataly    from    tJie 
lend  of  the  cylin- 
jltf  on  automatic 
e.      The 
I  lines  represent 
1  made  by  the 
while    the  I 
W    represent  Diagram  No.  16. 

I  made  by  the  Thompson,  indicator.  A  comparison  re 
!  fact  that  the  correct  average  pressure  caanot  bft  B*cfct\ 
Q  a  diagram  which  is  distorted  by  vibration,  aiii  aXwi  "i 
lationa  are  deceptive  as  to  admiesion,  cut-off,  kqA.  c 


i  caoj 


sso 
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Diagrams  Nos.  17  and  18  were  taken  reapectively  from  the  high- 

ind  luw-[ir£?ssiirt!  cylinders  of  the  compound  engines  of  the  steaoi- 
ship  Pennaylvanii,  uf 
the    American    Une, 
built    by    Cramp  ft 
Sons,     marine     ea^ 
neers  and  naval  arciii 
teets  of  Philadejphi 
speed, 58*3  revoluUna 
per  minute.     Thedi*- 
graraa  present  no  it 
fects ;    the   slight  d* 
fereuce   in  the  iumS' 
pressure    of    the  iw 
ends  of  each  cani(«i| 
in  the  case  of  all  t*] 
tical    tcginea)  U  il*! 
to     the      uubalaucol 
weights  of  the  m\f\ 
rocating  par  Is. 

ThetheoretUil 
clearance  is  about  W 
ptr  cent. ;  and,  as  iM 
is  probably  not  &^ 
from  the  actual,  til 
expansion  curves  jto^ 
very  correct  perfoW 
auce.  The  amounlol 
vacuum  shown  is  lOi^ 
lOjIbs.,  which  isaM 
tiie  average  of  niiri"! 
engines. 

economical  than  «) 

heretofore  used  on  ocean  aleamwa,  a.  »iviXtM\«i\oa.  a^  ttieir  tliw^ 

&!ononiy  will  not  be^^^^M^^^^^|^*^|* 


Ab  these  engines 


I 
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small  cylinder  aa  the  measure  of  couauraption,  tbe 
is  to  find  for  it  the  equiv 


lent  of  the  mean- pressure  actiug 
D  the  large  piston.  The  area 
f  the  small  cylinderis 257 4-1975 
ijiiare  inches,  and  that  of  the 
irge  one  is  6379-4238  square 
aches.  The  M.  E.  P.  of  the 
mall  cylinder  is  33-25  Iha,,  and 
bat  of  the  other  9-25  lbs.  The 
tile  is  to  multiply  the  area  of 
be  large  piston  by  the  mean- 
ireasure  acting  on  it,  and  divide 
he  product  by  the  area  of  the 
malt  piston.  But,  in  thepr^- 
llt  case,  it  will  involve  leas  labor 
D  perform  the  division  first, 
bat  is,  to  divide  the  area  of  the 
tn^  piston  by  that  of  the  small 
•ne,  and  multiply  the  quotient ' 
*3  the  M.  E.  P.  of  the  large  one. 
%m,  6379-4238  -i-  2674-1975X 
»-25  =  1933  lbs.,  which,  added 
D  the  M.  E.  P.  of  the  small  eyl- 
nder  (33-25  +  19-33  =  52-58 
la.),  gives  for  it  the  equivalent 
•f  both,  52-58.  Then  the  vol- 
ime  of  the  average  terminal  (28 
bs.)  being  895,  the  calculation 
,,  ,  ,,,  859'375 

Mil    l)e   as  follows;  ;;7r3 7T-^,     I 

895  X  li2-o8 
^  16.2  lbs.     From  this  the  de-    | 
luetion  for  compression  will  be  Diagram  No.  le. 

fcbout  3per  cent,  or -48  !be.,  leaving  C16-2  — '4%^  10-";^  "^a.-^-t 
^^fjWrApMr,  which  justifies   llieoreticaWy  \^        " 
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il-pressure  of  both  ends  of  the  high-pressure  cylinder  ie 
ove  vacuum) ;  volume,  650.   Of  the  low-pressure  cyliai 
js.  above  vac-                                                                       ] 

■olume,  2100. 
uivalents  for 
linder  of  the 
;d  power  of 
e  as  fi)Iiowa: 
e  high-preaa- 
iuder,  43  12o 
4  ^  8S-765. 
low-pressure 
r,    14-2)  + 
=  28-J'12 
lese  data,  tbe 
ion     of    tlie 
eal  rates   of 
couaumptiou 
fur  each  cyl- 
foUows:  For 
jh- pressure 

859-375 
'86765x5-^0 
ba.  per  iadi- 
horsB- power 
ir.     For   ihe 
sure     cyliu- 
!59-375 

I 

132X2100 
bs.  indicated 

HBIK^^9 

power    per                                                                 a 

'^                  ^                                           DUsram  No.  30.                     ^ 

the  terminal,  that  no  correction  for  cleaionce  aQ.4wi 
lgl||,  Tbe  diagrams  indicate  good  veiSornvMWK 
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rty-ninth  voyage  from  New  York  to  Havana.    Diameter  of 

inder,  48^  inches ;  stroke,  6  feet ;  speed,  60  revolutions,  or  720 

fc  per  minute;  scale,  30  lbs.  per  inch.    The  boiler-pressure,  which 

represented  by  the  lines  above  the  diagram,  was  72  lbs.  per 

lare  inch ;  vacuum,  23  inches,  the  equivalent  of  which  is  rep 

ented  by  the  dotted  line  V  F.    The  full  line  below  represents 

»erfeot  vacuum.    The  theoretical  expansion  curves  are  the  adia' 

;ic  carves,  calculated  from  the  table  of  volumes  on  pages  39 

1 43  of  Boper's  Hand-Book  of  Land  and  Marine  Engines.    The 

culations  are  as  follows : 

Assuming  the  clearance  to  be  5  per  cent.,  the  mean-pressure  of 

t  theoretical  diagram  around  the  diagram  B,  which  is  based  on 

i  Hue  V  Vj  will  be  32*8  lbs.     The  mean  effective  pressure  of 

;ual  diagram  B,  28*5  lbs.     Percentage  realized  of  the  full  theo- 

ical  value  of  the  boiler,  terminal,  and   condenser  pressures, 

'5  X  100 

-ns:^ —  =  86*88.    Parallel  calculations  for  the  diagram  T  give 

B  following : 

^ean-pressure  of  theoretical  diagram,  .         .        .        31*8  lbs. 

lUeau  effective  pressure  of  actual  diagram,        .        .  27*25  lbs. 

Percentage  realized, —  i^ra    ~    ^^  85*68. 

The  mean  of  both  ends  is  as  follows : 

Mean-pressure  of  theoretical  diagrams,      .         .         .     32*8  lbs. 

Mean  effective  pressure  of,  actual  diagrams,    .         .  27*875  lbs. 

p         ,             ,.     ,  27-875  X  100       Q^  ^ 
Percentage  realized, ^^ =  86*3. 

The  area  of  the  cylinder  being  1847*45,  and  the  piston  speed 

0  feet  per  minute,  the  horse-power  value,  or  the  horse-power  for 

ch  pound  of  mean  effective  pressure,  is  calculated  as  follows : 

47*45  X  720 

~^^00n ^^  ^O'S,     The  mean  effective  pressure  being  27,875 

I.,  the  total  horse-power  is  27,875  x  403  =  1123*36.    Tk^  tftx^ 
Ufii'pressure  is  13  IbS.,  the  volume  of  which.  \a  \&^^>  ^xA  ""Ocl*^ 
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^Btiieoretical  rate  of  water  cocBumption  will  be  found  u  (blW 

^M  =^TH „_.Q-v  =  16-74  lbs,  per  indicated  borse-power  per  boo 

^r  The  compression-pressure  so  nearly  equals  the  termiual,  < 
no  correction  for  compression  and  clearauee  is  oecessary.  Tlu 
grams  are  in  nearly  all  respects  excellent;  the  curves,  allot 
for  the  unsteadiness  which  is  apt  to  characterize  diagrams  U 
from  ocean-steamahip  engines,  are  remarkably  correct;  the  en 
vaa  fitted  with  Corliss  valves.  The  difference  of  about  2] 
between  the  vacuum  attained  in  the  condenser,  V  V,  and  tbs 
tained  in  the  cylinder  is  a  circumstance  which  is  almost  tiu 
Table  from  such  a  high  piston  speed.  A  comparison  of  the  n\ 
water  consumption  with  that  of  such  others  as  have  been 
eulated,  will  be  instructive,  particularly  with  reference  to  th( 
ative  ei-onomic  merits  of  simple  and  compound  engines,  aqua 
which  is  yet  unsettled.  A  comparison  of  the  foregoiug  calculi 
with  the  ordinary  or  long  process  will  be  instructive,  aa  shoi 
the  correctness  of  the  short  method  and  the  vast  amount  of  1 
saved  by  it,  especially  when  dealing  with  large  engines. 

Thus,  720  feet  per  minute  x  60  x  12  =  518,400  inches  perl 
which,  multiplied  by  1847-45.  (area  of  piston.)  =  957,718,080{ 
inches  per  hour,  as  the  diepiaccment  of  the  engine. 

Then,  957,718.080  -h  27-648  i^cubic  inches  of  water  per  p« 
-i- 1842  (volume  of  13  Iba.  terminal)  =  18,80o-476  Ibe.  of  I 
as  its  total  theoretical  consumption  of  water  per  hour :  ihi 
1123'36  (the  indicated  hoi-se-power)  =  16'74  lbs.  per  indif 
horse-power  per  hour,  as  before. 

In  making  a  complete  analysis  of  diagrams,  a  statement  ol 
mean  etfective  pressure,  exclusive  of  vacuum  and  Uiat  due  U 
vacu>im,  ought  to  be  given  separately.     Thus : 

Mean-pressure,  exclusive  of  vacuum,     .         .         .     19*373 
Mom-Dresflure  due  to  vacuum,  .        .        .        ,      S'l 

Peroeat&g^  of  powei  i\ie  Ui  vaauMia, .      . 


I 


re      pre3.s 
iftgniu  B,  V 

Mean  efft'i 
pressure   o 


Meau  of  ihe 

18-25  lbs.  Diagrams  No.  S 

Brminal-presHure  of  tpoltum  JiiLgraiii,         .         .         ,6-      Jbg. 

erminal-preesure  of  top  Jiagrani 7'      lbs. 

[eon  of  the  two, &E,   VV». 

akmg  3600  as  approximately  the  volume  o?  6-5  Wia.  -pTesawtfe, 
jj^  irater  consumpdon  will  be  13-08  1\ib.  ^y  vnd>j^|| 
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or  Gon^enHi 


horsepower  per  Aour,  which,  if  equalled,  haa  never  I 

i^  any  other  engines  in  this  country,  either  simple  or  & 
I  Diagrams  Nos.  23  and  24  were  taken  from  the  simple  t 
taidensing  engines  of   the  steamship  Knickerbocker,  of  Cm    I 


Diagram  No.  24. 

pressure  of  £  appears  to  be  about  29  lbs.,  and  of  T,  I9li^ 
calculations  of  the  rate  of  water  consumption  give  for  the  « 
£,  J3  74  ibs.,  and  for  T,  l,5-55.    'We»aN«srs\«, 
be  to  the  very  p«rfe<i\o 


I 
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of  the  tardy  inductdon,  or  deficieot  lead,  as  iDdicated  by  t^ 
iirard  iucliuatiou  of  the  inductiou  line,  and  the  great  differeoi 
I  the  work  represented  by  the  two,  tbey  are  very  perfect.  An 
lice  both  features  may  have  been  purposely  introduced,  tl 
'rnier  to  secure  smooth  runniug  and  the  latter  to  compensate  f' 
nbnlauced  weight,  etc,  they  should  not  be  haetily  pronounce 
.(itlH  of  adjustment. 

No,  25  present  a  caw  of  extremely  ditfieult  analysi 
le  conditions  under  which  they  were  taken  could  I 


Diagrams  No,  25. 
wieTliujied.  The  left  hand  one  shows  tardy  induction,  by  the  ii 
linatian  of  the  admission  line  to  the  right  From  A  to  I>,i 
rill  be  observed,  the  pressure  falls  considerably;  but  it  does  ni 
ppear  that  the  cut-off  has  taken  place,  as  the  curvature  of  tl 
ine  ia  upward,  which  is  never  the  case  with  a  true  expansio 
un-e.  From  Z*  to  E,  it  will  be  seen,  the  pressure  rises  slightb 
viiieh  renders  it  evident  that  the  steam  cannot  have  been  cut  o; 
Lt  iiuy  point  previous  to  B,  unless  for  an  instavit,  nftaT  ^\i\OR 
fair  readmitted.    Supposing  the  line  to  correcA^  re^tewsoX. 
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actual  pressure  on  the  piston,  the  most  probable  cause  of  the  rifl 
in  the  curve  is,  that  the  steam  was  admitted  during  the  eQtin 
stroke  to  E,  but  not  with  sufficient  freedom  to  maintain  the  prea 
ure  when  the  piston  travel  was  greatest,  or  tliat  the  cDnneding 
pipe  between  the  cylinder  and  the  indicator  was  long  and  tort 
The  right  hand  diagram  is  not  so  peculiar,  as  it  shom^ll 
zoutal  stcara-line  aud  a  tolerably  well  defined  poin"  " 
and  expansion  curve.  In  both  the  exhaust  is  much  mOniCj 
prompt  than  the  induction.  The  beat  vacuum  was  oM 
the  beginning  of  the  return  stroke,  F  I',  after  which  | 
undulate  in  a  manner  not  easily  accounted  for,  withra)!!^ 
mate  knowledge  of  the  construction  of  llie  engine  aa4';f 
ditions  attending  it. 

Diagrams  Mom  26  and  27  were  taken  from  the  simpleoi 
engiueofLheBteamboat  Mar}' Powell,  plying  between  NevS 
and  Albany,  which  bad  exceeded  in  point  of  speed  any  otll 
^    erafit  on  American  waters,  or  in  Europe,  so  far  as  can  be  a, 
Ivmaking  25  miles  per  hour  between  those  points  with  | 
^B  ,  Diameter  of  cylinder, 
^  '   Stroke  of  piston,    , 

Diameter  of  piston-rod. 
Diameter  of  air-pump, 
Stroke  of  the  air-pump. 

Very  few  data  could  be  ascertained,  hut  it  seems  thattl 
P.  of  the  top  diagram  h 

Of  the  bottom, 22-2] 

Mean  of  both, 22-I3t] 

Terminal  of  top I3'6"l 

Of  bottom, 18' 

Moan  of  both, 15"75  '' 

Theoretical  clearance  of  top,        ....     12perpi 
Theoretical  clearance  of  bottom,      .        .        .         17     "    " 
The  water  consumption  appeared  (a  be  about  24'62  lbs.  pa 
horse-power  per  hour.     Tbe  \)i)lVom  twi  V'&a  ^^l%  v^a'ca  camfirea 
^^D.     The  size  and  speed  Ci£  t 


ErHE  engineeb'b  handy-book 
e((  is  a  splendid  Epecimen  of  the  Americaa  beam- 
'-boat  whieh  some  years  ago  were  so  great  favorites 


.-es^H 


It  of  Uie  great  speed  they  were  capable  ot  de'^Au^vci'^i'Vras, 
are  fast  disappearing,  and  being  superseded ^I'g  ft-tifAVe^  *J«»* 
tes,  oa  account  of  inierout  defects  in  tbevt  B.Tta.n%eta«||jj| 

■ 
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Theoretical  Economy, 

If  the  steam  used  by  an  eugine  were  known  to  be  saturat«d,ii 
[  it  the  same  time  free  from  any  escesa  of  wu.ter,  anii  if  it  bfl 
Kcntcrcd  and  left  the  engine  in  that  condition,  it  would 
L  ^citlatfl  from  the  diagram  the  amount  of  water  which  the  eo^ 
r*ould  uae  iu  a  given  time,  supposing  it  to  be  practioallj  free  ' 
Pjeakage.  Under  such  conditions  tlie  expansion  and  cximprc 
s  would  conform  rigidly  to  exact  theory,  and  the  total  { 
R^placeraent  for  one  stroke,  divided  by  the  volume  of  l«n 
C;^ressnre,  and  the  displacemeat  up  to  any  point  tu  the  curvg 
r^mded  by  the  volume  of  the  pressure  at  that  point,  would  pn. 
ftnie  result  wherever  the  point  was  taken,  which  result  wouU 
Ae  number  of  cubic  inches  of  water  used  during  that  si 
[Jufortuuately,  the  nature  of  steam  is  such  that  no  exact  ale 
[  tlO"^  ot*  wati^r  cou3un<ption  can  be  made.  Even  if  its  exact, 
r  £tion  as  it  enters  the  engine  is  known,  &s  it  may  be  liy  thei! 
I  ^eter  test,  its  capacity  for  receiving  and  parting  with  heat 
Lgfeat  that  its  condition  changes  immediately  upon  enteril^ 
j^linder,  so  that,  after  deducting  the  water  of  supersatui 
l,|aiowu  to  be  present  before  it  enters  the  cylinder,  the  dit 
T|rtU  still  fail  to  account  for  all  of  the  remainder.  Neverll 
■.^cli  calculations  are  frequently  made,  and  as  a  means  oTi 
V^ining  the  relative  economy  of  different  engines,  ami  of  dlfl 
I  {pads,  pressurea,  and  adjustments  in  the  same  engine,  they  p 
iat  value,  since,  whatever  uncertainty  may  exist  as  to  the 
^eated  consumption,  it  may,  so  far  as  the  engine  is 

turned  to  lie  the  same  in  each  of  the  cases  uader 
json. 

When  tt  is  desired  to  approximate  as  nearly  as  possible 
actual  consumption  by  calculation,  a  certain  amount 
aiided  to  the  theoretical  result.  This  amount  varies  from  10 
per  ccaL,  according  aa  the  coaditiona  are  more  or  leas  &< 
iul  wliea  they  arc  so  unla.\(iva.\i\ea»^*^teii^ue-a.QiASs 
g^  c-eut.,  (hey  are  oV)v\i}ua\^  t**  ^^^"^  ^  ^  ^^-'^^  '^^* 
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Ganges,  rather  than  elaborate  calciiiations.  When  the  conditions 
PC  generally  good,  a  careful  examination  of  them  will  make  it 
Ofisible  to  fix  the  margin  of  uncertainty  within  tolerably  narrow 
mits.  A  large  engine,  with  well-jacketed  cylinder  and  tight-fitting 
ilves  and  piston,  will  generally  require  at  least  10  per  cent,  ad- 
ition,  independent  of  the  percentage  of  unevaporated  spray, 
bich  may  exist  in  the  steam  with  which  it  is  supplied,  and  this, 
lless  the  boiler  is  so  set  as  to  superheat  the  steam,  will  require 
am  10  to  25  per  cent.  more.  In  fact,  the  margin  of  uncertainty 
le  ta  the  boiler  is  much  greater  than  t&at  due  to  the  engine,  as 
i  only  will  differently  constructed  boilers  vary  greatly  in  the 
lount  of  unevaporated  water  given  off*,  but  great  difference  will 
found  to  exist  with  the  same  boiler,  according  to  the  height  the 
tter  is  carried,  the  rapidity  with  which  it  is  evaporated,  the 
lonnt  of  impurities  present  in  the  feed-water,  or  which  have 
nimulated  in  the  boiler,  and  many  other  conditions.  Thus  a 
pidly  fired  generator,  containing  a  large  area  of  heating  surface 
proportion  to  the  amount  of  water  and  little  steam  room  and 
perheating  surface,  may,  and  often  will,  give  off*  nearly  or  quite 
much  unevaporated  water  as  is  contained  in  the  steam.  The 
ly  fair  way  to  test  the  performance  of  an  engine  is  to  test  the 
lam  as  it  enters  it,  both  as  to  moisture  and  heat.  It  should 
bo  be  borne  in  mind  that,  according  to  Trowbridge's  tables,  the 
ference  between  the  economy  of  engines  of  over  ten  cubic  feet 
pacity  of  cylinder  and  those  under  one  cubic  foot,  is  about  12 
r  cent,  in  favor  of  the  larger  size. 

low  to  Calculate  Theoretical  Rate  of  Water  Consump- 
tion. 

The  total  displacement  per  stroke  in  cubic  inches  divided  by 
B  volume  of  the  steam  at  relea.se  pressure,  and  the  quotient 
lltiplied  by  the  number  of  strokes  per  hour,  m\\  ^v\ei  \)cv^\ft\a^. 
bie  inches  used  per  hour.     This,  divided  by  '11  '^4^,  XXve  \\wre^^^^ 
cubic  inches  of  water  per  pound,  will  give  tVe  \.o\»X  ^\vca)c>^ 
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of  pounds  used  per  hour,  which,  if  divided  by  the  I.  H.  P.,  will 
give  the  result  in  pounds  per  I.  H.  P.  per  hour.  This  is  the  usual 
method ;  but,  when  the  rate  only  is  desired,  a  shorter  process  may 
be  adopted,  based  on  the  fact  that,  from  a  given  diagram,  the  n> 
suit  would  be  the  same,  w]iether  the  calculations  are  based  on  the 
actual  size  of  the  engine,  or  some  other  size  is  assumed,  say  a 
smaller  size ;  as,  although  the  total  consumption  would  l)e  chauged, 
the  divisor  would  also  be  proportionately  changed. 

Suppose  the  engine  to  be  of  such  displacement  as  to  devdoy 
one  horse-power  with  one  pound  pressure,  and  that  it  is  driven  bf 
that  pressure  of  water  instead  of  steam.  It  being  but  one  hoi» 
power,  its  total  consumption  per  hour  and  per  horse-power  per 
hour  will  be  the  same.  Being  driven  by  water,  its  displacement 
will  be  its  water  consumption,  which  will  be  obtained  as  follom: 
A  horse-power  is  33,000  lbs.  lifted  one  foot  high  per  minute,  or 
33,000  X  60^-1,980,000  lbs.  per  hour,  or  1,980,000  X  12=22,760,000 
lbs.  lifted  one  inch  per  hour,  which  would  be  the  displacement  of 
such  an  engine  in  cubic  inches,  and  consequently  its  consumptioi 
in  cubic  inches  of  water  when  driven  by  water.  Then,  taking 
27-648  cubic  inches  of  water  per  lb.,  we  have  22,760,000  -=-  27*648 
=  859,375  as  its  rate  of  consumption  in  lbs.  of  water  per  H.  P. 
per  hour.  Then,  if  the  pressure  were  greater  than  one  lb.,  the 
amount  used  would  be  as  many  times  less  than  the  above,  as  the 
pressure  was  greater  than  one  lb. ;  and  also,  if  it  were  driven  bj 
steam  instead  of  by  water,  the  amount  used  would  be  as  muck 
less,  as  the  volume  of  steam  at  the  terminal  pressure  was  greater 
than  itn  equal  weight  of  water.  It  follows  that  if  we  divide 
859,375  by  the  product  of  the  mean  effective  pressure,  and  the 
volume  of  the  total  terminal  pressure  of  the  diagram  under  analy- 
sis, tlie  quotient  will  be  the  desired  rate,  whatever  the  size  aiMJ 
speed  of  the  engine.  The  use  of  this  constant  number  renders 
the  operation  more  easy  and  short,  and,  except  in  the  case  of  the 
compound  engine,  entirely  \i\de\>e\\d^ut  of  all  data  except  those  fur- 
nishcd  hy  the  diagnim  \t^e\V,  \\\e  ac«\vi  q^  \\\^\Q»X«t\ifc\\s.'s^^^ 

The  ferminal  pressure  i'ox  v\V\«>  ^^^  ^\3\3«ft^«oX  tv^^n&Vs® 
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rLeu  the  exhaust  takes  place  before  the  eud  of  the  stroke  is 
eached,  by  coDtiuuing  the  expaDsion  curve  to  the  end  of  the 
broke.  In  other  words,  it  is  not  what  the  pressure  may  be  at  the 
lomeDt  of  release,  but  what  it  would  have  been  if  it  had  not 
•een  released  until  the  end  of  the  stroke. 

How  to  apply  the  rule  to  diagrams  taken  from  compound  en- 
ines  when  the  strokes  of  the  two  cylinders  are  equal.  Multiply 
he  M.  E.  P.  of  the  low-pressure  cylinder  diagram  by  the  area  of 
;s  piston,  and  divide  the  product  by  the  area  of  the  piston  of  the 
igh-pressure  cylinder.  The  quotient  will  be  the  pressure,  which, 
Gting  on  the  low-pressure  piston,  will  be  equivalent  in  energy  to 
bat  acting  on  the  high-pressure  piston.  Then  add  this  quotient 
:>  the  M.  E.  P.  of  the  high-pressure  cylinder,  and  with  its  mean 
•ressure  so  augmented  treat  it  in  all  respects  as  an  ordinary  dia- 
ram.  Or  the  process  may  be  reversed,  i.  e.,  the  diagram  from 
he  low-pressure  cylinder,  with  its  M.  E.  P.  augmented  by  the 
■uotient  of  the  product  of  the  area  and  M.  E.  P.  of  the  high- 
iressure  cylinder  divided  by  the  area  of  the  low-pressure  cylinder. 
Day  be  treated  as  an  ordinary  diagram;  but  the  result  by  this 
nethud  will  be  less  than  by  the  first. 

When  the  two  oylinders  have  different  strokes  as  well  as  (lif- 
erent piston  areas,  multiply  together  the  M.  E.  P.  piston  area, 
lud  stroke  of  the  high-pressure  cylinder,  and  divide  the  product 
)y  the  product  of  the  piston  area  of  the  low-pressure  cyliiidcr 
nultiplied  by  its  stroke.  The  quotient  will  be  the  amount  to  aug- 
nent  the  M.  E.  P.  of  the  high-pressure  cylinder  before  treating 
:t  as  a  simple  diagram. 

The  same  calculations  may  be  more  conveniently  made  by 
means  of  the  following  table ;  to  use  it,  proceed  according  to  the 
tbllowing  rule : 

Find  under  P  the  number  which  corresponds  nearest  to  the 
terminal  pressure  of  the   diagram,  and    multiply  the   terminal 
pressure  by  the  number  opposite  it  to  the  right  under  W,  and  di- 
nde  the  product  by  the  M,  E.  P. ;  the  quotient  >N'\\\\ife  \}cvfe  "t^Xfc  o?^ 
mter  consumption  iu  lbs.  per  1  horse-power  p^v  Vvovit. 
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P. 

5 

W. 

P. 
27 

W. 

P. 
49 

W. 

P. 
71 

W. 

P. 

W. 

37-95 

34-37 

33-18 

32-46 

93 

31-96 

6 

37-54 

28 

34-29 

50 

33-14 

72 

32-43 

94 

31-94' 

7 

37-22 

29 

34-22 

51 

33-10 

73 

32-40 

95 

31-92 

8 

36-93 

30 

34-15 

52 

33-06 

74 

32-38 

96 

31-90 

9 

36-67 

31 

34-08 

53 

33-02 

75 

32-36 

97 

31-88 

10 

36-44 

32 

34-01 

54 

32-98 

76 

32-34 

98 

31-86 

11 

36-24 

33 

33-95 

55 

32-94 

77 

32-32 

99 

31-84 

12 

36-06 

34 

33-89 

56 

32-91 

78 

32-30 

100 

31-82 

13 

35-89 

35 

33-83 

57 

32-88 

79 

32-28 

101 

31-80. 

14 

35-73 

36 

33-77 

58 

32-85 

80 

32-26 

102 

31-78 

15 

35-59 

37 

33-72 

59 

32-82 

81 

32-23 

103 

31-77 

16 

35-46 

38 

33-67 

60 

32-79 

82 

32-20 

104 

31-75 

17 

35-34 

39 

33-62 

61 

32-76 

83 

32-18 

105 

31-73 

18 

35-22 

40 

33-57 

62 

32-73 

84 

32-16 

106 

31-71 

19 

3510 

41 

33-52 

63 

32-70 

85 

32-14 

107 

31-69 

20 

34-99 

42 

33-47 

64 

32-67 

86 

32-12 

108 

31-67 

21 

34-89 

43 

33-42 

65 

32-64 

87 

32-09 

109 

31-65 

22 

34-79 

44 

33-38 

66 

32-61 

88 

3207 

110 

31-6:^ 

23 

34-70 

45 

33-34 

67 

32-58 

89 

32-05 

111 

31-61 

24 

34-61 

46 

33-30 

68 

32-55 

90 

32-03 

112 

31-59 

25 

34-53 

47 

33-26 

69 

32-52 

91 

32-00 

113 

31-57 

26 

34-45 

48 

33-22 

70 

32-49 

92 

31-98 

114 

31-55 

Example  from  same  diagram.  The  terminal  pressure  is  25*5  lbs., 
aad  the  mean  of  the  numbers  under  W,  opposite  to  25  ami  26 
(34-50  and  34-41),  is  34-45.  The  mean  effective  pressure  being 
30-5,  the  operation  is  as  follows  :  25-5  x  34-45  —  30*5  =  28*8  lbs. 
per  horse-power  per  hour. 

As  a  matter  of  course,  the  theoretical  rule  of  water  consump- 
tion, as  deduced  from  indicator  diagrivms,  can  never  be  fully 
realized  in  practice.     It  can  only  be  approximated. 


The  Flanimeter. 

The  Planimeter  is  an  instrument  by  which  the  area  of  irregu- 
lar surfaces  may  be  accurately  measured.     The  original  instru- 
ment, wliich  wiw  invented  by  Amsler,  consisted  of  two  arms  hinged 
togothcr  ns  shown,  the  otVver  owvV^  W\\\^  \>\^  cvvv^  ^iL^d  as  at  A  in 
the  dingram,  tlie  other  B,  movvi\Avi.    'Y\v^  tsxm^\^  V>afc  xsv^^isS 
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rries  a-  roller  wheel,  O,  which  is  graduated  and  which  by  its 
D  measiires  the  area  of  the  diagram  traced  out  by  the 
le  end  B.  The  theory  of  the  apparatus  is  rather  complex 
nnot  be  explained  without  the  aid  of  the  higher  raathemat* 
t  its  use  in  connection  with  the  measurement  of  the  area  of 
JOT  diagrams  is  extremely  simple. 


use  the  instrumeni,  fasten  the  figure  to  be  measured  on  a    • 
I  board,  and  insert  the  point,  A,  in  the  board  at  any  con- 
t  location;  then  make  a  mark  on  the  diagram,  as  atZ); 
X  the  movable  point,  B,  at  the  place  selected  for  starting; 
urn  the   index-roJJer,  Q  round  until  0,  on  \\s  ^^rv^^^'^^ 
onds  with  the  O  on  the  fixed  vernier*,  t\\eu  tcvon^*\^'co^'^^ 
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the  figure  to  the  right,  or  in  the  direction  of  the  hands  of  a  wa 
After  it  passes  round  the  entire  figure,  note  how  many  wl 
numbers  and  subdivisions  have  passed  the  0  on  the  vernier, 
whole  numbers  will  indicate  the  square  inches,  and  the  snbdivis 
tenths  of  square  inches.  If  the  0  on  the  vernier  falls  bet? 
two  subdivisions  marked  on  the  roller,  read  the  number  of  sqi 
inches  and  tenths ;  then  look  on  the  vernier  from  0  to  10,  and 
a  mark  which  coincides  with  one  on  the  rollers ;  the  numbe: 
such  mark, -counting  from  0,  will  be  the  hundredths  or  set 
decimal  place. 

Thus  suppose  that,  in  the  figure  measured,  six  subdivisions 
part  of  another  one  have  passed,  and  that  the  fourth  mark  oi 
vernier  coincides  with  a  mark  on  the  roller,  the  area  of  the  fi 
will  be  either  3*64,  13'64,  or  23*64  square  inches,  accordin 
whether  the  roller  has  made  less  than  one,  more  than  one, 
less  than  two,  or  between  two  and  three  revolutions.  The 
can  readily  decide  as  to  the  number  of  revolutions  the  roller 
made,  as  it  would  be  iinpossible  to  make  a  mistake  of  ten  sqi 
inches  in  estimating  the  area  of  a  figure  within  the  capacit 
the  instrument.  If  the  figure  measured  is  an  indicator  diagi 
it  will  nearly  always  be  of  less  area  than  ten  square  inches,  c 
most  only  a  trifle  more,  as  the  utmost  capacity  of  the  indicate 
5^  by  2|  inches,  or  \b^  square  inches ;  and  they  are  very  seL 
worked  beyond  4  by  2^  inches. 

The  area  of  a  figure  may  be  taken  without  placing  the  C 
the  roller  opposite  the  0  on  the  vernier;  but  in  such  cases  : 
necessary  to  take  the  reading  before  and  after  the  tracing  is  mi 
the  difference  between  the  two  readings  will  be  the  area  of 
figure.     But  it  is  preferable  to  place  the  O's  together.     The  d 

•  able  point  of  the  instrument  may  also  be  turned  to  the  left, 
in  this  case  the  reading  must  be  subtracted  from  10  to  give 
true  reading.  Each  of  the  figures  stamped  on  the  roller  indie 
a  square  inch  of  area,  and  if  a  figure  contains  10  square  in( 

at  the  tracing-point,  the  roWex  m\\  t^nO^n^  w^^^^^x^d  iVve  0*8 

coincide  as  at  the  start. 


r 
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CHAPTER  XXIII. 


1 


he  objeot  of  using  a  condenser  in  connectiou  with  n  steam 
lie  IS  tu  remove  the  back  pressure,  or  a  large  portion  of  it, 
to  the  atmosphere,  by  oooderaing 
eshangt  steam  and  thus  producing 
irtial  vacuum  on  that  side  of  the 
in  which  is  open  to  the  exhaust, 
I  a  very  necessary  adjunct  of  the 
pressure  en^rine,  and  it«  use  in  that 
lection,  aa  well  as  with  the  Iom 
jure  cylinders  of  multiple  expir 
engines,  ii  the  main  source 'if  ■(  n 
in  engines  of  this  class.  The  a  u 
er  was  invented  by  JamPS  Watt 
used  it  in  connection  with  tho  first 
n  engines, 

he  two  kinds  of  condensers  m  ^  n 
uae  are  known  as  tl  cjet  anl  ii 
The  surface  condeuser  con  Is 
D  iron  bos,  in  which  brass  or  cjj  | 
»  are  inserted  in  tube  'sheet  s  i 
to  those  of  a  tubular  a  eain  h  il  i 
uph  which  the  water  is  fnrcf.  1  li 
circulating  pump  foi  tht,  purj 
)ndensiug  the  steam  In  some  c  l  ^ 
ieuaalion  is  effected  bj  brmgii  p  t!  e 
iu4t  steam  m  contact  with  the  out 
of  the  tubes,  the  circtilatuig  vatf  r 
g  on  the  inside ,  while  in  others  the 
.   exhausted 


(tattxi  t 


Condtneer     witli     1 
Bonnet  removed 
the  tiibe^    anl  the    uti "j\ \\,\"n^  "S 


tbe   outanle  ot  them.     There  la  i 
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A  snifting-valve  is  fixed  on  the  condenser  to  allow  the  air 
water  to  escape  when  the  condenser  is  blown  through.    ISie 
uum  in  the  condenser  keeps  it  closed,  and,  in  the  event  of  a 
head  of  water,  or  pressure  in  the  condenser,  the  valve  will 
up  and  allow  it  to  escape. 

TABLE 

SHOWING  THE  FORCE  WITH   WHICH    THE   UNCONDENSED   STEAM  AS. 
FROM  THE  WATER  IN  THE  CONDENSER  RESISTS  THE  ASCENT  OR  K 
OF  THE  PISTON,  ACCORDING  TO  ITS  TEMPERATURE. 


s^ 

k-M 

2-^- 

1 

Temperatu] 
Fahrenhei 

Force  in 
Inches  of 
Mercury. 

Pounds  pe 
Square  Inc 

Temperatu: 
Fahrenheii 

Force  in 
Inches  of 
Mercury. 

Pounds  pe 
Square  Inc 

32 

0-200 

0-100 

1 

130 

4-36 

217 

40 

0-250 

0128 

135 

5-07 

2-52 

50 

0-360 

0-181 

140 

5-77 

2-88 

55 

0-416 

0-215 

145 

6-60 

3-28 

60 

0-516 

0-260 

150 

7-53 

3-74 

65 

0-680 

0-311 

155 

8-50 

4-22 

70 

0-726 

0-361 

160 

9-60 

4-76 

75 

0-860 

0-428 

165 

10-80 

5-37 

80 

1-01 

0-505 

170 

1205 

604 

85 

1-17 

0-585 

175 

13-55 

6-75 

90 

1-36 

0-680 

180 

15-16 

7-58 

95 

1  -58 

0-805 

185 

16-90 

8-47 

100 

1-86 

0-900 

190 

19-00 

9-50 

105 

2-10 

107 

195 

21-10 

10-58 

110 

2o8 

1-26 

200 

23-60 

11-81 

115 

2-82 

1-43 

205  • 

25-90 

13-01 

120 

8-30 

1-50 

210 

28-88 

14-43 

125 

3-88 

1-902 

1  212 

30- 

16- 

The  tempepatupe  of  the  water  in  the  hot  wells  of  surface-coi" 

(ionsiu^  engines  is  jreuovaWy  vxWwV  \^^^  V^^W^"^  '^^.     A^hi^htf 

teinpcrtit^ive  would  atteol  VW  \w,ewv3im  ^\\^  \\\y^x^  ^'^  ^v-vjsas 
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■klyes,  while  a  lower  temperature  would  cool  the  cylinder,  and 
IMue  a 'waste  of  fuel  by  the  condensation  of  the  steam.  A  very 
nr  temperature  causes  increased  consumption  of  fuel,  while  a  very 
^h  one  causes  a  loss  of  power,  owing  to  the  back  pressure  in- 
laced  by  the  uncondensed  vapor  in  the  condenser,  which  will  be 
:&own  by  the  vacuum-gauge. 

In  the  jet  condenser,  when  the  bilge-injection  is  opened,  the  air- 
lamp  draws  off  the  air  from  the  pipe,  when  the  air  in  the  ship, 
Ircssing  on  the  surface  of  the  bilge-water,  forces  it  up  the  pipe 
ftto  the  condenser.  In  the  surface  condenser  the  circulating 
amp  creates  the  vacuum,  and  the  air  presses  the  water  up.  ' 

In  a  jet  condenser,  if  the  injection-water  is  not  shut  off  when 
se  engines  are  stopped,  the  condenser  will  be  filled  with  water, 
Kid,  if  not  cleared  before  the  engine  is  started,  may  cause  serious 
nmage  to  the  cylinder  or  condenser. 


IBelatiye  Quantity  of  Injection- Water  Required  to  Con- 
dense a  Certain  Yolume  of  Steam. 

The  weight  or  quantity  of  injection-  or  coudensing-water  re- 
nired  for  a  given  weight  or  volume  of  steam  depends  upon 
everal  conditions:  1.  The  pressure  at  which  the  steam  is  ex- 
tausted.  2.  The  absolute  pressure  existing  in  the  condenser  after 
lie  vacuum  has  been  formed.  3.  The  temperature  at  which  the 
Ejection-water  enters  the  condenser.  While  the  first  and  second 
Bonditions  vary  but  slightly  with  uniform  load  and  steam  pressure, 
lie  third  will  vary  with  the  season,  and  even  with  the  weather ; 
Scnsequently,  more  condensing- water  is  required  in  summer  than 
XI  winter.  But  the  average  amount  may  be  illustrated  as 
fellows : 

Example. —  Suppose  the  pressure  in  the  cylinder  at  release  or 
^^haust  be  5  lbs.  above  atmosphere,  and  the  absolute  pressure  in 
**e  condenser,  after  vacuum  is  formed,  be  2  lba.,eoTx^«^ciYv^\w«^\Si 

Vacuum  of  26  inches  of  mercury.     Each  pouiv^  oi  ^\,^^\xv  ^^- 
^sted  at  5  lb9,  »bove  atmosphere  contams  US^i  \.\v^xm^  >x^^^ 
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and  the  thermal  units  per  pound  of  condensation  at  2  Ibe.  i 
lute  pressure  in  the  condenser  are  126.  Hence  the  thermal 
to  be  absorbed  by  the  condensing-water  are  1183 — 126=1 
Suppose  the  temperature  of  the  injection-water  be  80**  Fab., 
each  pound  of  condensing-water  takes  up  126  —  80  =  46  th 
units ;  and  pounds  of  condensing-water  per  pound  of  stean 

densed' become  -r^-  =23  nearly.     Suppose,  again,  that  th< 

perature  of  the  injection- water  be  40°  Pah.,  then  each  pou 
condensing-water  takes  up  126  —  40  =  86  thermal  unit 
pounds  of   condensing-water  per  lb.  of  steam    condense 

-^>,--  =  123  lbs.,  from  which  it  will  be  seen  that  the  averag 

portion  of  condensing-water  to  the  water  of  condensation  is 
as  18  to  1. 

V 

The  Vacuum. 

If  the  cylinder  of  a  steam-engine  be  filled  with  vapor,  it  ( 
be  said  to  be  void  of  matter ;  but  if  the  vapor  is  condense 
the  water  from  which  it  was  vaporized  drawn  off,  there  woi 
created  in  the*  cylinder  what  is  termed  a  "  vacuum,"  or  void 
The  absolute  pressure  of  steam  is  measured  from  zero,  or  [ 
vacuum,  and  consists  of  the  pressure  indicated  by  the  steara- 
(which  is  known  as  pressure  above  atmosphere),  added  1 
pressure  of  the  atmosphere,  as  shown  by  the  barometer, 
latter  is,  for  all  practical  purposes,  a  constant  quantity  i'o 
given  locality,*  and  may  be  roughly  taken  at  14*5  lbs. 
responding  to  29*50  inches  of  mercury.  Vacuum-gauge 
usually  graduated  to  agree  with  the  scale  of  the  barometei 
the  vacuum  is  usually  stated  iu  inches  of  mercury.  To  the  s 
pressure,  as  indicated  by  the  gauge,  add  14*5  lbs.  for  total 
ure.     Thus,  if  the  pressure  by  gauge  is  60  lbs.,  the  total  prt 
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('5  lbs.  GoDsequently,  the  total  pressure  on  the  steam  side,  at 
point  in  the  stroke  of  the  piston,  is  the  pressure  above  the 
)sphere  plus  14*5  lbs.,  and  the  total  pressure  for  the  whole 
le  is  the  mean-pressure  above  the  atmosphere  plus  14*5  lb& 
i,  if  the  mean-pressure  for  whole  stroke  is  30  lbs.,  the  total 
i-pressure  is  44-5  lbs. ;  and  •  this  44*5  lbs.,  whether  the  engine 
ndensing  or  non-condensing,  is  the  variable  factor  in  estima- 
the  load  on  the  engine.  Now,  if  the  engine  be  nori-conden- 
the  14'5  lbs.  (pressure  of  the  atmosphere)  on  the  steam  side 
e  piston  is  balanced  by  an  equal  atmospheric  pressure  on  the 
ust  side,  and  its  effect  is  neutralized ;  but  if  the  engine  be 
eusing,  a  large  proportion  of  the  pressure  of  the  atmosphere 
le  exhaust  side  of  the  piston  is  removed,  and  an  equivalent 
on  of  the  pressure  of  the  atmosphere  on  the  steam  side  of  the 
n  made  to  do  useful  work.  With  well-proportioned  conden- 
apparatus,  the  pressure  of  the  atmosphere  on  the  exhaust  side 
le  piston  can  be  reduced  nearly  90  per  cent. 


TABI^E 

^INQ   VACUUM   IN   INCHES  OF  MERCURY   AND   POUNDS  TRESSURE  PER 

SQUARE   INCH. 


Mercury. 

Pounds. 

Mercury. 

Pounds. 

2-037 

1 

16-300 

8 

4-074 

2 

18-337 

9 

B-111 

3 

20-374 

10 

8-148 

4 

22-411 

11 

10-189 

5 

24-448 

12 

12-226 

6 

26-485 

13 

14-263 

7 

28-552 

14 

16  lower  the  temperature  of  the  water  leaving  the  condenser, 
)etter  the  vacuum,  and  the  more  coudueive  Vo  ^^5^N^\,^^^^^ 
osJng  there  be  no  air-leaks.     Watt  found  a  tem^e\^\.\rt^  ^H^ 
in  the  water  leaving  the  condenser  more  beue^d^V  XXv^w^^"" 
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or  80°,  supposing  there  be  an  abundant  supply  of  cold  water.  It 
may  be  explained  in  this  way.  A  better  vacuum  due  to  a  tem- 
perature of  70°  or  80°  requires  so  much  cold  water  in  the  con- 
denser, (which  must  afterwards  be  pumped  out  against  the  press- 
ure of  the  atmosphere,)  that  the  gain  in  the  vacuum  does  not 
equal  the  loss  of  power  caused  by  the  additional  load  on  the  pump. 
There  is,  therefore,  a  clear  loss  by  the  reduction  of  the  tempe^ 
ature  below  100°,  if  such  reduction  be  caused  by  the  admissioo 
of  an  additional  quantity  of  water. 

To  produce  a  vacuum  in  a  jet  condenser,  open  the  blow-through 
valve,  when  the  steam,  in  its  passage  through,  will  blow  outaB 
air  and  water  in  the  condenser;  and  as  soon  as  the  steam  mm 
from  the  snifting-valve  the  blow-through  valve  may  be  shut,  and 
the  injection-cocks  opened,  when  the  cold  water  mixing  with  the 
steam  forms  a  vacuum.  When  the  gauge  shows  a  sufficient  vac- 
uum, shut  the  injection-cocks,  in  order  to  prevent  the  condenstf 
from  being  flooded. 

To  produce  a  vacuum  in  a  surface  condenser, open  the  injectioD- 
valve  shortly  before  starting  the  engine,  so  that  the  circulating- 
water  may  enter  the  condenser  tubes,  and  cool  them.  Then,  when 
the  engine  is  started,  the  exhaust  steam  comes  in  contact  with  the 
cooling  surface  of  the  tubes,  and  is  condensed  when  a  vacuum  is 
formed. 

The  state  of  the  vacuum  is  shown  by  the  vacuum-gauge  attached 
to  the  condenser ;  and,  if  it  be  imperfect,  the  cause  must  be  ascer- 
taiued  and  the  fault  corrected.  If  the  water  in  the  hot  well  be. 
iibove  the  ordinary  temperature,  more  injection  water  must  be  ad- 
mitted ;  and,  if  the  vacuum  continues  imperfect,  the  cause  maybe 
due  to  an  air-leak  in  the  valve  or  cylinder- cover,  or  in  the  joint 
of  the  eduction  pipe.  The  door  of  the  condenser  should  also  be 
examined.  The  joints  of  the  condenser  may  be  tested  by  holding 
a  candle  to  them,  the  flame  of  which  will  be  drawn  in  if  ^ 
joints  lire  leaky. 
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Sar&ee  Condensers. 

For  marine  engines  surface  condensere  are  used  almost 
leluaively.  The  citta  on  pp.  577,  578  repreeent  loo^tudinal 
)d  transverse  sectione  of  the  type  of  condenser  much  used 

the  United  States  Navy.    The  condenser  illustrated  represents 
e  one  used  on  coast-line  battleships  Nob.  1,  2,  and  3,  the  auxil-  . 
■  y  boiler  and  the  triple-expansioD  engines  for  which  have  been 
ustrated  and  described 
ove.     There  is  a  sepa- 
;e  condenser  for  each 
gine,  made  with  cast- 
iss  heads  and  rolled- 
188   shell,  bolted  and 
etted  together.     The 
>tings   are  ^"  thick 
1  contain  all  the  noz- 
B  for  steam  and  water 
ininga.  Theshellis^" 
ck,  bolted,  strapped, 
etted,    and    soldered 
:etber.    The  diameter 
5  feet  9  inches  and 
•■  length  between  tube 
lets  10  feet  3  inches, 
ch  condenser  contAins 
^      seamless    drawn 
iss   tubes,   i"  outride 
-meter,  giving  an  out- 
e  cooling  surface  of 
»3  square  feet.      The 
thod  of  securing  and  spacing  the  tubes  in  the  tube  sheets  is 
istrated  in  the  accompanying  cut.     As  w\\\  \>ft  Q\»aw«i.,  "Oosi 
e  sheet  is  1"  thick  and  drilled  to  take  tVie  t«,\>es,    "W^VOva*. 
tbm  reamed  out  to  a  diameter  of  ||"  for  a  dialaaca  Q^  ^"  ^^"^^ 


Method  of  Securing  Tubes. 
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the  outside  of  the  sheet  and  tapped,  after  which  a  suitable  pad 
ing  is  inserted  around  the  tube  and  a  brass  ferrule  screwed  in  t 
force  the  packing  against  the  tubes.    The  tubes  are  spaced  jf 
centre  to  centre.     The  condensing  water  is  taken  firom  the  M 
or  bilge  by  a  separate  centrifugal  circulating  pump  for  esdi 
condenser.    These  pumps  are  each  capable  of  dischaiging  9000 
gallons  per  minute.     The  air  pumps  for  each  engine  are  tn 
vertical   single-acting  lifting  pumps,  having  cylinders  W  i 
ameter  and  18"  stroke,  and  instead  of  attaching  the  pump  nxk 
directly  to  the  engines  they  are  connected  together  through  spu^- 
gearing  so  proportioned  that  the  engine  will  make  two  and  ooe* 
half  revolutions  for  each  double  stroke  of  the  pifmp.   This  arranp- 
ment  has  been  adopted  in  order  to  obviate  the  difficulty  wbiil| 
has  been  experienced  in  the  past  in  running  these  engines  at  a 
speed.     The  cylinders  of  the  air-pump  engines  are  6"  diameter 
and  12"  stroke,  and  they  may  exhaust  either  into  the  receivereof 
into  the  condenser. 

The  same  type  may  be  used  for  stationary  engines,  altbougl 
wlien  used  for  this  purpose  the  design  is  usually  somewhat  dtf 
ferent.  The  cuts  on  p.  581  represent  two  different  types  rf 
Wheeler  condensers,  the  one  a  "single  tube"  and  the  other i 
"  double  tube  '*  condenser.  Referring  to  the  former,  it  will  In 
seen  that  its  design  is  similar  to  that  ilhistrated  on  page  568i  Ti* 
method  of  securing  the  tubes,  which  is  shown  in  the  accomptDT- 
iiiir  cut,  is  somewhat  different  from  the  ordinary.     At  one  end  tk 


Wheeler  Single  Tube  System. 


tube  is  sortwod  diroct  into  the  tube  sheet,  its  thickness  attW 

end  hoinir  >t)niewhiit  <rreater,  so  that  cutting  the  thread  will  ^ 

weaken  the  tube.     T\\e  ovWt  v.n\\\  U  secured  by  means  of  packitf 

Riiii  ferrule,  the  siuuo  i\s  \u  l\\e  \\\?^t\\v^-^xv^\^^  ^wA^xs,'^*^^  \<s^^ 

ove.      In  the  double  lube  &>f sUm  iV^  Xx^o^  ^^  ^  iM:wa!^^ 
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they  are  free  to  expand  and  contract  without  the  use  of  pad 
ing  or  ferrules.  Referring  to  the  cuts  on  j^age  581,  the  up 
view  shows  the  single  tube  system,  with  water  and  s 
inlets  and  outlets  indicated.  The  two»  other  cuts  show 
double  tube  system,  in  which  the  cooling  water  first  en 
the  inner  tubes  of  the  lower  set,  returning  through  the  am 
lar  space  between  the  tubes ;  then  enters  the  upper  chamber, 
lowing  a  similar  course  in  the  upper  set ;  finally  escaping  bv 
discharge  nozzle  shown  at  the  upper  right-hand  €nd  of  the 
denser.  By  the  use  of  a  double  set  of  tubes,  the  one  enclosed 
the  other,  the  ferrules  and  packing  are  dispensed  with.  As 
be  seen  in  the  enlarged  view  of  a  pair  of  tubes,  the  outer  tube 
screwed  into  the  tube  sheet  at  one  end,  while  at  the  other  it 
merely  supported,  the  same  being  true  for  the  small  inner  tul 
and  as  the  larger  tube  is  capped  at  the  free  end,  there  can  be 
leakage  there,  while  at  the  same  time  the  whole  system  of  tu 
has  ample  room  for  expansion  and  contraction.  To  remove  a 
it  is  onlv  noeossarv  to  remove  the  head  and  unscrew  the  tube 
nioan<  o\^  a  sore w-d river  tool.  The  tubes  are  of  seamless  dra 
brass,  tinned  inside  and  out.  These  condensers  are  made  bv 
Whoeler  I'ondonser  and  Engineering  Company  of  New  YorL 


Jet  roiidensers  and  Air  Pumps. 

In  the  jet  condenser  all  that  is  necessary  is  a  vessel  in  wl 

\\w  wixuv  ^vnus  in  ^vMiraot  with  the  exhaust  steam  and  an 
pu'.i;:»    :or  ronu^vin::    :ho    o-^n touts.     Various   shapes  have 
irivo'.i  iv^  :iMs  .vossol.  Inir  it  is  usuallv  made  of  cast  iron  and  it 

m 

\\\\\\wy{\\  v-ast  ill  .  r.o  ;  ico  wiih  the  pump,  which  may  be  &i 
or  diip'..  \   .'!.    i:  !:u:.  :i::y    rlur  typt'  of  pump.     Nearly  all 
huildxiN    -M-x.'  V. -'^^   V-,  •r.bi'.'.aiiou  of  air  pump    and   condei 
That    illu-sn :»..',:   •■•.  :1:.^  :V'"  wlniT  out  represents  a  twin  pati 
puiup  n\u\   v'x^iulv !  V  ■■   ^.s   b'.::'.:   by  the   Barr   Pumping  Engh 
iil|in,V  of  ri\v\;u\c  .v"  .VA  lot  cw^wi^s  Q^  ^  to  4000  horee-poi 
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All  condensing  engines  have  of  nec^stty  to  be  pifl 
BD  air-pump,  for  the  purpose  of  extracting  the  i 
water,  and  the  water  of  condensation  from 
the  condenser,  in  order  to  maintain  a  vac- 
■num.     There  does  not  appear  to  be  any 
uniform,  recognized  rule,  among  marine  , 
engiueora  or  manufacturers  of  surface-con- 
Sensing  compound  engines,  for  proportion- 
ing the  air-pumps  to  the  steam  cyhnder,  as, 
some  builders  make  the  capacitj  of 
their  air-pumps  one-eighth  of  that  of  t 
low-pressure  cylinder,  others  make  it  one- 
tenth,  and  others  o De-eleventh ,  the  average 

the  number  examined  being  about  one- 
ninih. 

The  air-pumps  of  the  steamahips  Penn-  j 
Bylvania,  Ohio,  Indiana,  and  Hhnois,  of  the 
American  Line,  are  one-eleventh  the  cipac-  ; 
ity  of  the  low-pressure  cylinder      And,  as  | 
these  engines  have  the  reputatnm  of  being 
Tery  economical,  it  should  be  presumed  section  of  a  Mam 
that  their  proportions  are  good  ;  neverthe-  Pump. 

(,  they  are  evidently  too  large,  as  one-fifteenth  would  he  i 
to  a  correct  proportion.  The  tendency  among  marine  engioi 
to  overdo  the  thing  in  the  cnae  of  air-pumps,  perhaps  under  t1 
3n  that  a  large  air-pump  creates  a  better  vacuum,  anc 
fesuit,  air-pumps  of  enormous  diameter  and  long  stroke  a 
tached  to  marine  engines ;  whereas,  the  air-pump  has  T6T7  Ul 
do  with  the  vacuum,  its  functions  being  simply  to  clear  ttu 
denser  of  water  and  air.  Any  proportion  that  will  accomplis 
will  fulGI  all  the  necessary  requirements.  An  air-pump  too 
for  the  purpose  for  which  it  is  intended,  can  have  no  other 
than  to  absorb  much  of  the  power  wiiieh  might  he  utilised 

■easing  the  speed  of  the  engine  and  economizing  the  fuel.  Tl 
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Tom  four  to  five  per  cent,  of  the  power  of  ordinary  simple  con- 
[g  engines,  and  from  two  to  three  per  cent,  in  the  better  class 
ipound  marine  engines ;  the  power  required  to  work  it  being 
fit  when  the  vacuum  is  most  perfect,  and  least  when  the 
m  is  impaired.  A  good  deal  also  depends  on  the  mechanical 
^ment  employed  to  work  it,  as  well  as  on  the  condition  of 
skiDgs,  l>earings,  proportions,  etc. 

»  capacity  of  the  air-pumps  of  condensing  engines  using  a 
spray,  ranges  from  one-fifteenth  to  one-twentieth  the  capac- 
the  cylinder.  As  it  requires  from  22  to  30  times  as  much 
to  condense  steam  as  there  is  water  in  it  (according  to  the 
ire  and  temperature),  the  air-pumps  ought  to  be  proportioned 
tet  the  maximum  demands.  The  right  proportions  of  air- 
B  for  both  jet-  and  surface-condensing  engines  may  be  found 
!eulating  the  displacement  of  the  steam-piston,  and  that  of 
ir-pump  for  one  minute,  and  dividing  the  former  by  the 
.  The  use  of  the  air-pump  in  connection  with  condensing 
ea,  as  before  stated,  is  not  an  absolute  necessity  in  all  cases, 
th  a  head  of  water  having  a  fall  of  about  13  feet,  a  vacuum 
e  formed  and  maintained  in  the  condenser  without  an  air- 
I,  providing  the  end  of  the  delivery-pipe  is  submerged  in  a 
of  water. 

rtlcal  air-pumps,  with  valves  in  their  pistons  or  buckets,  give 
est  satisfaction,  as,  in  that  case,  the  air  and  vapor  are  lifted 
Torced  out  of  the  condenser,  relieving  the  exhaust  and  iu- 
ing  the  vacuum.  The  capacity  of  the  openings  through  the 
-seats  of  air-pumps  should  be  such  that  the  maximum  flow 
e  water  through  them  will  not  exceed  10  feet  per  second, 
nstance,  suppose  a  pump  of  12  ins.  stroke  to  make  50  strokes 
linute,  the  maximum  travel  of  the  bucket  at  midstroke  will 
»out  2*6  feet  per  second.  Then,  as  10  -i-  2*6  =  3*84,  the  capac- 
^  the  opening  should  not  be  less  than  one-fourth  the  area  of 
umps. 

r-pumps  are  frequently   very  injudiciouaXy  \oe.«L\i^^,  \k^\xi% 
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ondeDser ;  whereas,  if  placed  below  it,  their  re>  |l 

be  fewer,  as  the  ^water  would  fall  by  gravity 

ir  into  the  air-pump.     In  some  cases  the  air- 

'u  through  the  condenser,  so  that  the  openings 

^rel  with  the  bottom  of  the  condenser,  which  is 

nt  in  every  respect,  except  that  it  necessitates  a  « 

1  has  a  tendency  to  absorb  power.  L 

r-pumps,  a  cut  of  which  may  be  seen  on  page  *' 

ir-cyliuder  at  one  end,  the  circulating-water  cyl- 

and  the  steam-cylinder  in  the  middle,  are  being 

opted  on  ocean  steamers.     The  claim,  set  up  for 

bey  are  independent  of  the  engine,  they  can  be 

slower,  according  to  the  circumstances  of  the 

sorb  none  of  the  power  of  the  engine,  and  are 

'  to  accident  in  stormy  weather,  or  whenever  the 

iiir-pumps  attached  to  the  main  engine;  that 

and  a  vacuum  formed,  before  the  engine  com- 

it  the  injection-water  can  be  more  easily  reg- 

quire  no  expensive  foundation ;  that,  in  con- 

r-   and  air-pistons  being  on  each  end  of  the 

ve  a  more  steady  and  uniform  motion  than 

"^  has,  and  that,  in  consequence  of  all  their 

they  can  be  easily  examined,  and  any  de- 

>r    readjusted,  without  interfering  with  the 

sing  engine,  the  air-pump  has  only  to  ex-. 
i^  from  the  condensed  steam  and  the  uncon- 
condenser.     In  a  jet-condensing  engine, 
ithdraw  both  the  injection- water  and  the 

"the  work  to  be  performed  by  the  latter 

^s  greater  than  that  of  the  former. 

rnes  fitted  to  a  circulating,  reciprocating, 
or  the  purpose  of  admitting  air  to  tVi<^ 
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water  on  the  up  stroke.    As  the  valve  is  closed  against  the  dsw 
stroke,  the  air  admitted  server  to  soften  the  shock  of  the  water. 

A  bucket  air-pump  is  a  single-acting  pump,  being,  in  £u^l 
piston  with  a  valve  fitted  to  it,  which  closes  on  the  up  stroke 
opens  on  the  down,  lifting  a  quantity  of  water  equal  to  its  ca] 
at  each  stroke  of  the  engine. 

A  piston  air-pump  is  a  double-acting  pump,  the  piston  beni 
eolid.  It  is  fitted  with  suction-  and  deli  very- valves,  and  di 
charges  with  each  stroke. 

A  plunger  air-pump  is  a  double-acting  pump,  resembling  i 
bucket  air-pump,  except  that  it  has  no  head- valves,  and  that  d 
bucket-rod  is  fitted  with  a  plunger.  The  effect  of  this  is,  that  d 
plunger,  owing  to  its  displacement,,  discharges  on  both  the  up  ai 
the  down  stroke. 

The  double-acting  air-pump  has  both  suction-  and  deliyo] 

valves ;  but  it  is  possible  with  the  single-acting  pump,  in  sob 
cases,  to  dispense  with  either  the  one  or  the  other.  They  a 
generally  made  with  pistons,  though  sometimes  with  plungers. 

An  air-pump  with  a  foot-valve  and  no  discharge- valve  wool 
be  most  affected  by  a  leaky  stuffing-box ;  and,  while  the  foot-vali 
remains,  the  pump  will  draw  water,  but  if  removed,  it  will  feilt 
work. 

An  air-pump  trunk  is  a  hollow  cylinder  attached  to  the  buch 
or  piston,  and  working  through  a  stuffing-box.  Such  an  arraof 
Mieni  is  rendered  necessary  when  the  pump  is  worked  directly 9l 
the  crank-shaft,  or  where  it  is  located  so  close  to  the  leveu 
through  which  the  motion  is  transmitted  from  the  engine, as* 
render  the  appliance  of  an  intervening  cross-head  and  links  in 
possible.  The  difference  in  the  discharge  is  equal  to  the  relativ 
(iUfeivnca  between  the  dkp\vxe^u\^\\^  ca^used  by  an  ordinary  «i* 

mp  rod  and  that  cau^sed  \>^  \\\^  UwviV. 
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ir-pump  pet  cock  or  valve  is  generally  placed  below  the 
ve  and  above  the  bucket.  It  opens  with  the  down  stroke 
mmp,  and  admits  air  to  act  as  a  cushion  on  the  water, 
he  delivery-valve  is  opened,  the  engineer  can  tell,  by  its 
hether  the  pump  is  working  properly  or  not. 

*-pump  bucket  is  a  hollow  piston,  generally  made  of  brass^ 
rating  in  the  top,  and  a  boss  (water-tight)  which  receives 
in  its  centre,  from  which  strengthening  ribs  run  to  the  rim 
ucket.  The  outside  of  the  bucket  is  grooved  to  receive 
jht  packing.  The  valves,  which  are  generally  of  India- 
and  whose  lift  is  regulated  by  a  guard  secured  by  a  nut, 
inst  which  the  valve  i&  pressed  when  the  bucket  is  on  the 
•oke,  are  on  the  top  of  the  grating. 

ump  pods  are  generally  made  of  wrought-iron,  and  covered 
kin  of  Muntz  metal,  or  brass,  to  prevent  the  oxidization  to 
rough t-  or  cast-iron  rods  are  exposed. 

p's  side  air-pump  discharge- valve  is  generally  a  mitred 
ith  its  spindle  passing  through  a  gland  in  the  cover,  on 
weight  is  placed  to  keep  it  shut.     It  differs  from  a  stop- 
having  a  lift  and  weight. 

)  are  numerous  contrivances  in  use  for  dispensing  with 
pump,  such  as  the  injector  condenser,  which  produces  a 
water  in  the  exhaust-pipe ;  but  the  necessary  arrangements 
ating  them  generally  cost  more  than  a  good  reliable  air- 
hough  the  first  cost  of  the  former  is  less  than  that  of  the 
Besides,  the  vacuum  is  never  so  perfect  when  produced  by 
b  arrangement  as  when  created  by  a  close  condenser  and 
p.  This  becomes  obvious,  since  we  know  that,  even  with 
t  perfect  mechanism,  it  is  almost  impossible  to  attain  a 
vacuum,  and  maintain  it  for  any  length  of  time,  as  nature 
a  vacuum,  as  the  atmosphere  on  the  outside  of  a  vessel 
antly  endeavoring  to  equalize  any  \mbaX«Aie.^^  Y^^s&xix^ 
r  exist  oa  the  imide. 
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The  Iigector  Condenser. 

The  cut  on  the  opposite  page  represents  the  injector  condenser,  so 
llled  because  its  action  is  similar  to  that  of  the  GifiTard  boiler  feed- 
/ector.  It  consists  of  two  conoidal  nozzles,  joined  by  a  straight 
ck.  and  swelled  at  the  upper  end  for  the  jufiction  of  the  water- 
Kzle.  Within  is  the  exhaust-steam  nozzle,  which  forms  within 
!  condenser  a  narrow,  annular  space  for  the  entrance  of  the  con- 
i  sing- water.  The  sides  of  the  condenser  (which  are  parab- 
idal  curves)  are  smoothly  finished,  as  is  the  contracted  neck 
Dw,  to  diminish  the  resistance  of  the  water.  When  used  in 
nection  with  a  condensing  engine,  the  air-pump  may  be  dis^ 
sed  with,  as  steam  of  atmospheric  pressure  will  flow  into  a 
uum  at  the  rate  of  1600  feet  per  second. 
Vhen  the  exhaust  steam  from  the  engine  meets  the  thin  film 
water  which  enters  by  the  annular  space,  it  is  instantly  con- 
sed.  As  the  water  passes  down,  the  contracting  outline  of  the 
denser  gradually  brings  it  to  a  solid  jet  in  the  neck  below, 
3ugh  which  it  rushes  with  a  velocity  due  to  its  pressure.  The 
which  has  entered  the  condenser  with  the  water,  or  through 
iy  joints  or  stuffing-boxes,  together  with  the  uncoudensed 
►or,  is  thus  drawn  down  into  a  contracting,  hollow  cone  of 
«r,  until  finally  expelled  through  the  neck.  This  latter  being 
light  for  a  distance,  is  virtually  the  air-pump,  having  a  solid 
ion  of  water  moving  at  a  high  speed  ;  thus  is  the  steam  coii- 
ised,  and  the  vacuum  formed  by  a  single  process,  and  with 
ater  certainty  than  in  any  other  way.  The  air  and  vapor 
ring  passed  the  contracted  neck,  enter  the  tapering  nozzle 
ow,  and  expanding  therein  are  prevented  from  returning  to 
t  condenser  above. 

rhe  method  of  operation  of  the  injector  condenser  when  the  en- 
le  is  started  is  as  follows :  the  exhaust  steam  expels  the  air  from 
5  exhaust-pipe  and  condenser  ;  then  a  jet  of  cold  water  from.  «>. 
mp  or  tank  creates  a  vacuum,  which  may  \3e  u\^\vi\>«A\i^^ \s^  "sy. 
d  of  water  of  10  feet  fall     The  dischaTge->«a\.eT  ^^^a^'^  ^^**^ 
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a  temperature  of  110°  to  112°,  when  the  vacuum  is  eqaal  to 
inches  of  mercury. 

The  advantages  of  the  injector  condenser  are,  that  it  k  cb 
light,  simple,  and  durable;  that  the  injection-water  is  self-n 
lating ;  that  there  is  no  possibility  of  the  water  being  carried  c 
into  the  cylinder ;  that,  simply  by  the  removal  of  a  bonnet, 
exhaust  steam  may  be  allowed  to  escape  into  the  atmosphere,  1 
converting  the  engine  from  low  to  high  pressure ;  that  the  < 
.  denser  requires  no  foundation  or  any  other  attachment  save  an 
dinary  pump  to  raise  the  water  when  there  is  not  sufficient  i 
and  that  the  condenser  can  be  attached  to  any  engine  in  anj 
cality  where  the  necessary  supply  of  water  can  be  obtained,  wl 
ranges  from  22  to  25  times  as  much  as  that  from  which  the  bU 
would  be  generated.  It  is  claimed  that  a  saving  of  over  20 
cent,  may  be  made  where  these  condensers  are  used,  while  the  i 
cost  is  trifling. 


QUESTIONS. 


What  are  the  functions  of  the  steam-engine  indicator? 

How  would  you  proceed  to  attach  the  indicator? 

State  the  conditions  which  are  instrumental  in  determining 
conformation  of  a  diagram. 

Explain  the  points  of  difference  between  diagrams  taken  fi 
automatic  cut-off  engines  and  those  taken  from  slide-valve  th 
tling  engines. 

How  would  you  draw  the  theoretical  expansion  curve  geor 

ricallv  ? 

How  would  you  trace  a  theoreticaj  compression  curve? 

From  what  circumstances  does  the  inaccuracy  of  the  theoreti 
curve  arise? 

DcFcribo  the  adiabatic  curve. 

How  would  vou  locate  l\\e  \)cv^q^t^\aq,^  \.^\\ssvas\  ^-wssire  c 
responding  to  the  actual  cut-o^*l 
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[ow  do  you  account  for  the  difference  in  theoretical  correctness 

hown  by  expansion  curves  of  diagrams  taken  from  different 

ines? 

Vhj  is  the  incorrectness  of  the  expansion  curve  less  with  an 

ine  heavily  loaded  than  with  a  light  load  ? 

f  the  deviation  of  the  expansion  curve   in   diagrams  (other 

igs  being  equal)  be  found  to  be  greatest  when  the  water  is 

h  in  the  boilers,  and  the  steam  rapidly  generated,  to  what 

SB  might  it  be  assigned  ? 

Vhat  is  the  most  obvious  lesson  to  be  deduced  from  the  facts 

)ur  possession  in  regard  to  the  incorrectness  of  the  curves  of 

grams  taken  from  large  engines  ? 

Vhat  should  be  considered  in  indicator  diagrams  as  indications 

good  construction  and  performance? 

low  do  you  calculate  the  mean  effective  pressure  ? 

low  would  you  space  the  ordinates  ? 

ilow  do  you  calculate  the  indicated  horse-power? 

low  do  you  calculate  the  theoretical  consumption  of  water 

m  indicator  diagrams  ? 

3ow  do  you  make  allowance  for  clearance  and  cushion  ? 

Jow  do  you  estimate  the  effect  of  compression  ? 

kVhat  is  the  object  of  indicator  diagrams  ? 

iVhat  information  do  indicator  diagrams  supply  ? 

Jow  do   indicator  diagrams   show  the  steam-pressure  in  the 

inder  ? 

liV^hen  the  line  representing  the  back  pressure  in  the  diagrams 

high-pressure  engines  shows  more  than  one  pound  above  atmo- 

lere,  or  in  low-pressure  engines  more  than  two  or  three  pounds 

.n  the  vacuum-gauge  shows  in  the  condenser,  what  does  the 

gram  indicate  ? 

How  does  the  diagram  show  whether  the  valves  are  properly 

or  not? 

How  does  the  diagram  show  whether  the  piston  and  valves  are 

iking  or  not  ? 

How  does  the  diagram  show  whether  the  steam  \^  \\\To\X\<i^  o^  "CloNTI 
38 
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How  does  the  diagram  show  the  effect  of  small  steam  ports 
steam  conDections? 

How  does  the  diagram  show  the  effect  of  exhaust  lead? 

How  does  the  diagram  show  that  the  indicator  is  out  of  on 

How  does  a  diagram  show  the  point  of  cut-off? 

How  does  a  diagram  show  the  state  of  the  vacuum  in  the 
denser,  and  whether  too  much  injection-water  is  used  or  not? 

Sketch  a  diagram,  and  explain  it. 

Show  the  points  of  excellence  in  a  perfect  diagram. 

Show  the  steam,  atmospheric,  and  vacuum  lines  and  the  ei 
sion  and  exhaust  curves. 

Define  the  adiabatic  curve,  and  explain  how  it  is  obtained 

Define  the  asymptote  lines. 

Define  the  term  compression. 

Define  the  term  cushion. 

Define  the  term  clearance. 

Define  the  terms  flexure  and  contrary  flexure,  and  demonsi 
them  on  the  diagram, 

Dofino  the  term  hy[>erbola,  and  illustrate  it. 

(live  the  moaning  of  the  term  isothermal. 

l\)int  out  the  onlinatos  on  the  diagram. 

Define  the  term  panillelism,  * 

What  is  meant  by  the  initial-pressure? 

What  is  meant  by  the  term  mean  effective  pressure? 

What  is  meant  by  the  term  terminal-pressure? 

Wluit  is  meant  by  the  term  scale  in  its  application  to 
diajrranj? 

I'lxphun  the  functions  of  the  spring  in  its  relations  to 
in»Hr:Uor. 

lAplnin  tho  moaniuir  of  I.  H.  P.,  X.  H.  P.,  M.  E.  P.,  and  B 

l'!\phrm  tho  nioaniuvr  of  the  term  string. 

hrtino  I  ho  torm  undulating. 

What  aiv  tho  use  and  functions  of  the  dynamondeter? 

U'/iat  is  tho  moiuuu::  ot  \V  kttets  B  and   T  which  are 
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;fine  the  term  zero  when  applied  to  indicator  diagrams. 
I  Give  the  formula  for  finding  the  Horse-power  of  an  engine  from 
licator  diagrams. 

'hat  are  the  functions  of  the  planimeter  ? 
[Explain  the  most  correct  method  of  using  the  planimeter. 

'hat  is  the  exponent  of  the  work  performed  by  a  steam-engine  ? 

the  meaning  of  the  term  mean  efiective  pressure,  see  page 

What  is  the  best  criterion  of  the  most  economical  results  which 

m-engine  is  capable  of  producing? 
What  is  the  object  of  attaching  a  condenser  to  a  steam-engine  ? 
Give  the  names,  and  the  advantages  and  disadvantages  of  the 
0  kinds  of  condensers  in  most  general  use,  with  a  description 
\  the  same. 

f  plain  how  the  injection-water  enters  and  escapes  from  surface 
it  condensers, 
te  what  relative  proportion  the  jet  condenser  should  bear  to 
eam-cylinder  of  a  condensing  engine. 
t  Btate  what  relative  proportion  the  cooling  surface  in  a  surface 
^denser  should  bear  to  the  cubic  contents  of  the  steam-cylinder. 
,  State  the  respective  advantages  and  disadvantages  of  having 
iRidensers  too  large  or  too  small. 

I  What  is  the  most  advantageous  temperature  at  which  to  keep 
^  water  in  hot  wells  ?  and  what  efiect  does  too  high  or  too  low 
itemperature  exert  on  the  economical  working  of  the  engine  ? 
f  Explain  the  arrangements  by  which  the  bilge  inject  ion- water 
f  introduced  into  jet  and  surface  condensers. 
*  What  would  be  the  efiect  of  not  shutting  off"  the  injection-water 
ften  the  engine  is  stopped  ? 
State  the  quantity  of  water  necessary  to  condense  steam,  with 
formula. 

Oive  the  rule  for  finding  the  cooling  surface  in  the  tubes  of 
^<^ace  condensers. 


GAS  AND  GASOLINE  ENGINBS. 


CHAPTER  XXIV. 

Although  gas  and  gasoline  engines  are  made  up  of  parts '. 
ing  a  general  similarity  to  those  of  the  steam  engine  and  with 
functions,  they  have  one  fundamental  point  of  difference — ^nan 
in  the  medium  whose  expansive  property  is  made  use  of  to  tr 
form  heat  energy  into  the  kinetic  energy  of  mechanical  motion, 
the  case  of  the  steam  engine  heat  energy  is  imparted  to  the  vi 
of  water  in  another  apparatus,  the  bpiler,  and  the  steam  is  hroi 
into  the  engine  and  allowed  to  expand  and  do  mechanical  w 
In  the  gas  engine  it  is  air  whose  expansion  is  made  use  of.  M 
over,  the  heating  of  the  air  is  performed  in  the  cylinder  of 
engine  itself,  so  that  the  gas  engine  takes  the  place  of  a  st 
engine  and  boiler.  The  heating  of  the  air  is  performed  by  ad 
ting  into  the  cylinder  a  quantity  of  gas,  gasoline,  petroleun 
other  inflammable  oil,  mixing  it  at  the  same  time  with  air 
igniting  the  mixture  at  the  proper  moment.  The  intense 
produced  raises  the  air  to  a  high  temperature.  It  there 
expands  and  pushes  over  the  piston  as  does  steam  in  the  ?t 
engine.  At  the  end  of  the  stroke  suitable  valves  open  to  a 
the  exhaust  of  the  products  of  combustion  from  the  cylin 
and  other  valves  in  turn  open  to  let  in  new  charges  of  air 
fuel. 

The  fuels  principally  used  are  gas,  either  natural  or  artifii 

gasoline,  and  petroleum,  the  quantity  per  horse-power  requi 

dependin<r  upon  the  i\\\a\\V^"  oi  \\\fe  ^\\<A\  XJcvsnX.  \s.,\i^Qn  the  ni 

^er  of  heat  units  in  eac\v  \)o\3iii^.    ^vOg.  ot^vascrj  *^>isss5ssl 
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be  quantity  per  indicated  horse-power  per  hour  will  vary 
17  to  20  cubic  feet.  With  Pittsburg  natural  gas  it  has 
i  as  low  as  11  cubic  feet;  using  74°  gasoline,  known  as  stove 
ine,  the  consumption  per  horse-power  hour  is  about  one-tenth 
le  gallon.  The  amount  of  petroleum  used  would  be  aboul 
^me.  By  taking  gas  obtained  from  coal  in  a  producer  and 
uring  the  number  of  pounds  of  coal  per  horse-power  hour  re- 
\d,  it  has  been  found  that  the  gas  engine  exceeds  the  steam 
ie  and  boiler  considerably  in  economical  use  of  coal,  the  tests 
rofessor  H.  W.  Spangler,  of  the  University  of  Pennsylvania, 
1 00  horse-power  gas  engine  showing  that  an  indicated  horse- 
;r  was  produced  with  a  consumption  of  about  one  pound  of 
per  hour.  A  producer  plant  and  gas  engine  are  much  more 
nsive  than  a  steam  engine  and  boiler,  so*  that  the  price  of 
at  any  place  will  determine  as  to  whether,  on  the  whole,  the 
>f  a  gas  engine  is  desirable. 

fie  Otto  Cycle. — ^Most  steam  engines  are  double-acting ;  that 
.ke  steam  alternately  at  each  end  of  the  cylinder,  although 
I  of  them,  like  the  Westiughouse  and  Willans,  are  single- 
ig  and  take  steam  at  only  one^nd.  Nearly  all  gas  engines 
single-acting  and,  moreover,  take  in  a  charge  of  gas  and  air 
'  second  revolution,  instead  of  every  revolution,  as  in  the  case 
Qgle-acting  steam  engines.  The  complete  cycle  of  operations 
rhich  nearly  all  gas  engines  operate  is  known  as  the  Otto 
;,  and  is  as  follows: 
orward  stroke. — Admission  by  suction  into  the  cylinder  of  a 

charge  consisting  of  air  mixed  with  some  combustible  gas 

or  vapor, 
eturn  stroke. — Compression  of  the  charge.     At  the  end  of 

this  stroke  .the  charge  is  ignited, 
orward  stroke. — Expansion  of  the  charge  which  has  been 

heated  by  combustion, 
•eturn  stroke. — Expulsion  through  the  exhaust  opening^a  of 

the  mixed  gases  which  have  been  cooVedXy^  e^^wci^vwv. 
fe  temperature  produced  by  rapid  combwaWoii  oixl^^^^c^^^^*^ 
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charge  is  very  high,  probably  about  3000^  F.,  so  that  it  iB  d 
sary  to  cool  the  cylinder  by  means  of  a  jacket  supplied  with 
ning  water.  Otherwise  the  packings  would  be  destroyed,  pn 
ture  ignition  would  take  place,  and  lubrication  would  be  imp 
ble.  The  heat  imparted  to  the  water  jacket  is  in  general  wa 
and  amounts  to  about  40  per  cent,  of  the  total  heat  energy  of 
gas.  Were  it  not  therefore  for  the  necessity  of  cooling  the  q 
der  the  efficiency  of  the  gas  engine  would  be  much  greater  c 
than  is  now  the  case. 

Methods  of  Igniting  the  Charge. — The  earlier  method  of 
niting  was  by  means  of  a  flame  produced  by  burning  a  jet  of 
or  vapor  wkh  which  the  ignited  charge  was  brought  into  con 
at  the  proper  moment.  A  great  improvement  was  made  by  us 
instead  of  the  flanie,  a  tube  kept  red-hot  by  a  flame  of  gas  orvi 
burning  outside  of  the  cylinder.  Such  devices  are  rather » 
tive  to  variations  in  the  proportions  of  air  to  fiiel  and  \ 
largely  given  way  to-  electric  igniting  devices.  The  first  form 
these  made  use  of  a  platinum  strip  heated  white  hot ;  but  \ 
found  unsatisfactory,  as  the  platinum  had  to  be  kept  so  neai 
fusing-point,  in  order  to  produce  certain  ignition,  that  it  wasi 
destroyed.  At  present  electric  igniters  operate  with  a  spark 
duced  by  breaking  an  electric  circuit  which  has  a  current  flo^ 
through  it.  They  may  be  divided  into  two  d^ses,  fixed-spark 
and  break-spark  gap.  In  the  former,  two  electrodes,  iiisul 
from  each  other,  are  placed  in  the  end  of  the  cylinder  at  a 
tance  from  each  other  of  a  small  fraction  of  an  inch.  The  se 
darv  circuit  of  an  induction  coil  is  connected  to  these  electn 
In  scries  with  the  battery  and  primary  circuit  of  the  indue 
coil  is  placed  a  contact  operated  by  the  engine,  which  makes 
cuit  anil  ])rom})tly  breaks  it  again  just  at  the  moment  when  i 
tion  sliould  take  place.  A  spark  passes  across  the  gap  beti 
the  two  electrodes  and  causes  the  gas  to  ignite.  In  the  bn 
spnrk  gap-igniter  one  electrode  is  fixed  and  the  other  moves  a 
to  come  into  C(3ntact  \s'\t\\  \\.  ^V  \\^^  \kTvv^\  \a\sv^.  ^Vs^ttervi 
i^purk  coil  are  coimeeled  *m  aet\^*  nn*^^>^  \!tvfc\.^^  ^^s3«sA^ 
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lOverning. — The  apeed  of  gas  engines  is  generally  regulated  by 
ing  off  the  supply  of  fuel  partially  or  entirely  when  the  nuni- 
of  revolutiona  is  too  great.  The  regulating  device  usually 
lists  of  a  ball  governor  of  the  Waters  tj^  (see  page  409), 
!b  operates  a  Buitable  valve.  Such  a  method  is  open  to  the 
dvantages  of  fly-ball  governing  which  obtain  with  steam  en- 
s.  Further,  it  operates  less  quickly  ^ni  the  iact  that  gas  is 
u  in  only  once  in  four  strokes  in  the  normal  runniDg  of  the 
ne,  whence  it  happens  that  a  much  longer  time  elapses  between 
novement  of  the  fly-balls  and  the  changing  of  speed  than  is 
3ase  with  steam  engines.     Although  gas  endues  are  provided 

exceedingly  heavy  fly- 
ils,  their  variations  in 
i  are  several  per  cent, 
ter  than  those  of  good 
n  engines. 

fie  Otto  Engine,  being 
earliest  successful  gas 
ne,    and    partially    on 

account  the  un»  most 
ly  used  at  the  present 

has  l>een  chosen  as  a 
esentative  for  more  par- 
ar  description.  In  the 
cut,  which  shows  a  view 
ing  at  the  rear  end  of 
cylinder,  B  is  the  gas 
uel  supply-pipe;  D,  a 
e ;  C,  a  rubber  bag,  the 
ct  of  which  is  to  dimin- 
fluctuations  in  the  gas- 
sure  ;  ^  is  a  valve  cor- 
onding  to  the  throttle 
•e  of  a  steam  eogine ;  F 
!  exhaust  pipe ;  and  6'js  a  cast-iron  pot  wV\u\i*e'tN«.sX» 
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the  noHK  of  the  exbaasL     The  second,  third,  and  foardi 


Side  View  of  OFllnder  End. 

ithow  tho  tncchaiiiEtti  in  greater  detail.    When  the  throttle 
^1  i»  uputi  gas  gets  as  far  as  the  gae  valve.    This  is  opened 


Knd  Yt»v  or  crtiiMiM- 1 


/"h'/n-v  (msi-  .vtrv  #«.nvv.v\  tcrK-iti  sttt^^Vj  ^*  V^vt-uo  i 
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tted  at  the  same  time  througli  the  valve  M,  which  is  operate 
totnatically  by  suction  produced  by  the  advance  of  the  piatfl 


Top  View  of  Cylinder  End. 

the  return  stroke  the  air  vfllve  cIohcb  and  the  mixture  of  a 
in  the  cylinder  is  compres^sed  to  a  pressure  of  some  70  poiu 


Qeneral  View  of  Otto  ISng-lni 


r  square  inch.     Just  after  the  aeeoiid  forward  ?STciV.a  coTa'tt«fiw.««, 
i^nitioD  takes  place.     The  lieated  gaseous  nA\x.V\«e,  ««:^^Bjl 
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driviDg  the  piBton  before  it  till  the  eud  of  the  second  forw 
stroke  is  reached.  Theu  the  exhaust  valve  is  opeued  bj  the 
tioD  of  the  eshauBt  lever  operated  from  a  cam,  H,  which  Btti 
the  exhaust  roller  J. 

The  igniter  is  of  t]ie  break-spark  gap  type,  R  being  the  Gia 
electrode  and  S  the  roeking  lever-arm  of  the  movable  electi 
E.  The  battery  and  spark  coil  are  connected  in  eeriee  ' 
each  other  and  with  the  spark-gap.  Contact  ie  made 
broken  by  the  igniter  lever  C,  which  pushes  againet  the  nionU 
electrode  E. 

The  method  of  governing  will  appear  from  the  second  cut, 
governor  moving  the  roller  J  into  or  out  of  the  path  of  the 
cam  K,  according  as  a  charge  is  required  or  is  to  be  omit 
When  J  is  lifted  the  lever  IT  actuates  the  gas  valve  acd  acbl 
of  gas  is  admitted. 

Management  of  Gas  Engines. — As  the  gaM)liiie  engine  is  pn 
cally  the  same  as  a  gaa  engine,  with  some  slight  changes  in 
admission   valve,  the   following  will  apply  in    general  to  li 
engines.     In  addition  to  the  ordinary  precautions  to  be  obsem 
in  running   machinery,  the  following   points  must    be  com] 

1.  The  gas  or  vapor  must  be  admitted  in  the  proper  propoitil 
™^  to  the  amount  of  air.     An  excess  of  combustible  ii 

^H  ticularly  to  be  avoided. 

^K  2.  To  obtain  full  power  the  entrance  as  well  as  the  exhaust  i 
^^B  air  should  be  unchecked. 

^^BS.  The  inlet  and  exhaust  valves  should  close  tightly,  tiie  )ii 
^^P  ton  should  be  well  packed,  and  all  possible  leaks  shonlilf 

^V         guarded  against. 

^K  4.  The  entire  charge  should  be  ignited  and  the  ignition  aboo 
^P  occur  at  the  proper  time. 

^       6,  The  cooling  of  the  cylinder  by  means  of  the  water  jut 
should  be  efficient. 
T/iese  points  ■will  now  \ie  \.aV.ftT\  w'^  wvotcto  isAsa, 
^    Admission  of  Fue\.— In  gas  engw 
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r  a  slight  pressure.  In  gasoline  engines  the  fuel  is  vapor  of 
ine  carried  by  air  sucked  in  through  a  vaporizer  containing 
;asoline.  In  petroleum  engines  the  fuel  is  sprayed  into  the 
n  of  air  which  enters  the  cylinder. 

the  case  of  gas  engines  the  gas  pipe  near  the  engine  is  pro- 
.  with  a  rubber  bag  or  receiver  with  rubber  diaphragm.  The 
irance  of  this  flexible  wall  shows  plainly,  when  the  engine  is 
ng,  whether  the  head  of  gas  keeps  fairly  uniform ;  that  is, 
ler  the  supply  is  sufficient  without  being  at  times  excessive, 
e  valve  which  regulates  the  admission  of  gas  during  the 
3sion  of  .air  to  the  cylinder  should  close  tightly  every  time, 
does  not,  there  is  danger  of  having  an  excess  oi;  deficiency 
s  admitted  as  the  gas-pressure  may  rise  and  fall,  especially 
)  engine  is  run  at  a  varying  speed.  There  is  also  danger  of 
Qg  gas  on  light  loads.  An  irregularly  leaking  valve  is  apt 
oduce  puzzling  behavior,  as  excessive  and  deficient  charges 
30  mixed  promiscuously  with  proper  ones.  Any  considerable 
B  of  gas  will  produce  a  smell  and  smokiness  of  the  exhaust 
11  as  a  failure  to  ignite  regularly, 
deficiency  of  gas  wi J 1  produce  slow  combustion  of  the  charge, 

impulses  on  the  piston,  and  eventually  weak  or  strong  ex- 
ms  in  the  passages  through  which  the  air  is  admitted.  It 
ilso  cause  failure  to  ignite  regularly, 
after  having  found  the  gas  valve  to  be  tight,  there  exists 
loubt  as  to  the  admission  of  the  proper  amount  of  gas,  an 
itor  should  be  employed  if  one  is  available.  If  not,  the 
tment  may  be  made  approximately  by  varying  the  quantity 
•  admitted  until  the  best  result  seems  to  be  obtained, 
th  those  engines  whose  speed  governor  acts  on  the  hit-or- 
plan — i.  e.,  which  allow  either  a  full  opening  of  the  gas  valve 
cur  or  none  at  all — the  accuracy  of  adjustment  of  the  gas 
jsion  can  be  determined  as  follows : 

:  such  a  load  on  the  engine  that  it  will  take  several  charges 
^cession,  then  cut  o/f  one  and  then  take  aeveT^  vciot^.   '\>s\«sv 

the  strength  of  the  individual   in^puXsea  ^oWqwvtw%  ^W2v^ 
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ignition.  The  first  impulse  succeeding  a  cut  off  should  be  diglil 
weaker  than  the  succeeding  ones.  If  it  is  notably  weaker,  tin 
is  a  deficiency  of  gas.  If  it  is  as  strong  or  even  stronger  th 
the  succeeding  ones,  there  is  an  excess  of  gas. 

Admission  and  Exhaust  of  Air. — ^Air  is  as  essential  to  t 
engine  as  the  fuel.  The  more  air  is  admitted  the  more  fuel  c 
be  used,  and  (other  things  being  equal)  the  more  power  the  engi 
will  develop. 

The  inlet  valve  should  not  only  afibrd  a  sufificient  opening,  1 
it  should  be  properly  timed  so  as  not  to  shut  off  the  entrance  i 
early  or  too  late,  as  in  the  latter  case  a  part  of  the  charge  is  i 
pelled  aft»r  having  been  admitted  into  the  cylinder.  The  cha 
is  also  apt  to  be  reduced  if  there  is  an  excessive  back  pressure 
the  exhaust  pipes,  due  to  insufiScient  size,  extreme  length, 
accumulation  of  water  from  condensed  moisture  in  a  long  pi 

Leaks. — Any  leaks  by  which  the  pressure  is  allowed  to  esa 
from  the  cylinder  result  in  a  reduction  of  power  and  a  w« 
of  fuel.  Leaks  toward  the  water  jacket  or  around  the  cyliiK 
are  easy  to  detect.  The  exhaust  valve  is  the  part  that  is  nc 
likely  to  become  leaky  by  reason  of  the  high  temperature 
which  it  is  submitted.  It  is  generally  of  the  poppet  type,  ii 
conical  seat,  and  so  disposed  as  to  be  easily  inspected  and  regroi 
to  its  seat  with  powdered  emery  and  oil. 

When  the  inlet  valve  leaks  the  result  is  more  pronounced  tl 

for  any  other  leak  of  the  same  magnitude,  because  the  gases 

only  leave  the  cylinder,  but  they  accumulate  in  the  space  or  j 

sage  through  which  the  air  and  the  fuel  are  admitted  and  sub 

ute  themselves  for  pure,  air  in  each  subsequent  charge,  thus  ( 

rbiiig  the  proper  adjustment  of  air  and  fuel. 

*  szmdl  leak  toward  the  water  jacket  does  not  do  much  ha 

'  S  aa  the  e\^gme  is  kept  running  at  full  power.     At  a  redu( 

HiedciWv  on  starting  the  engine,  the  entrance  of  wi 

•^  ihroug^  ^^  ^^^  ^®  likely  to  be  much  more  d 

.^^e^  \ft  '^"^^  ^^  ^\!i^\\^  \ft«v^Tarily  in  fli 
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»pping  the  engine,  and  by  not  refilling  the  jacket  with  water 

Lt.il  after  having  started  it,  and  then  keeping  the  engine  always 

ider  a  fairly  full  load. 

^11  leaks  should  be  remedied  without  delay,  ad  otherwise  they 

U  become  worse  in  course  of  time. 

Ignition. — Failure  to  ignite  properly  may  be  due  to  the  charge 

>t  being  of  the  proper  composition,  as  pointed  out  previously,  or 

a  deficiency  in  the  igniting  device.     The  latter  is  almost  always 
*Iier  a  heated  tube  or  an  electric  sparking  device. 
The  tube  is  to  be  heated  to  a  temperature  ranging  from  red  heat 

bright  yellow,  according  to  the  nature  of  fuel  and  the  construc- 
>»  of  the  engine.  When  once  determined  this  temperature 
ould  be,  maintained  as  nearly  constant  as  possible.  All  leaks 
i  and  above  the  tube  should  be  avoided.  If  there  is  no  timing 
.Ive  between  the  cylinder  and  the  igniting  tube,  the  moment  of 
nition  depends  entirely  on  the  temperature.  If  it  is  too  low,  the 
Dition  will  occur  too  late  and  even  fail  entirely  part  of  the  time, 
suiting  in  reduced  power  and  waste  of  fuel.     If  the  temperature 

too  high,  the  ignition  is  premature,  which  also  causes  loss  of 
»wer  and  undue  strain   and  wear  of  the  engine.     With  some 
nds  of  natural  gas  even  the  highest  temperatures  that  the  tubes 
ill  stand  are  not  sufficient  to  give  a  good  result. 
Such  an  igniting  dev4ce  is  particularly  sensitive  to  irregularities 

the  proportion  between  air  and  fuel  and  to  the  effects  of  leaks. 
'  there  is  a  timing  valve,  the  ignition  is  less  sensitive  to  disturb- 
g  influences,  but  the  timing  valve  itself  must  be  kept  in  good 
•ndition. 

As  previously  stated,  electric  igniting  devices  may  be  divided 
to  two  classes,  those  with  a  permanent-spark  gap  and  those  using 
break  spark.     With  the  first  class  au  electric  pressure  sufficient 

cause  a  spark  to  leap  across  the  gap  is  produced  by  an  induc- 
)n  coil.     This  pressure  is  considerable,  and  the  insulation  has  to 
I  very  perfect,  otherwise   the  current  will  leak   through  any 
fective  spot,  instead  of  crossing  the  spark  ^a^. 
The  insulation  is  generally  impaired  by   \v\o\sXwxe  Q^  M   ^^" 


■'K-..\t;t- 
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Near  the  points  of  the  spark  gap,  inside  ist  tibe  spaxse  df' 
it  may  also  be  imimired  by  a  deposit  of  carbon. 

In  order  to  detect  quickly  whether  the  apparatus  k  it 
provide  a  special  adjustable  spark  gap  of  greatar  length  and 
nect  it  in  multiple .  with  the  spark  gap  in.  the  cylinder. 
adjust  it  to  a  length  a  little  g^^eater  than  the  r^ulat  gap^  ao-l 
the  current  will  cnnss  the  one  inside  the  cylinder  in  pi^ 
it,  but  only  slightly  so.  If  there  is  fhilure.  to  ignite;  diaoonneet 
wires  leading  to  the  regular  spark  gap,  and  if  tbe  longer 
gap  shows  a  spark  the  generating  apparatus  is  not  at  hnlL 
having  connected  the  regular  igniter  gap  again,  adjust  the 
gap  to  such  a  length  that  the  spark  wi^  cross  it  in  preferenoefl 
the  regular  one  when  everything  is  in  good  working  order. 
then  no  spark  appears  at  this  shorter  special  gap,  it  must  be 
eluded  that  the  insulation  about  the  regular  gap  or' its  ooi 
wires  is  defective.  If  a  spark  does  appear,  the  fiulure  to  i( 
should  be  sought  in  the  nature  of  the  charge.  If  the 
is  provided  with  a  break-spark  device,  the  electric  tension  is 
than  with  a  spark  gap,  and  the  insulation  need  not  be  so  perfect] 
To  test  such  a  device,  set  the  engine  so  that  the  contact  is 
inside.  Having  previously  disconnected  the  connection  at 
spot,  make  and  break  a  contact  there  swiftly  by  the  hands ;  abi 
spark  should  appear  if  the  rest  of  the  circuit,  including  the 
and  break  contact  inside  the  cylinder,  is  in  good  order.  If 
good  spark  is  obtained,  revise  all  the  contacts  and  renew  the 
tery  if  need  be.  If  there  is  failure  to  ignite  while  a  good  s] 
can  be  thus  obtained,  set  the  engine  so  that  the  contact  inside  ii 
not  made ;  then  connect  a  piece  of  wire  to  one  side  of  the  ignil 
device,  say  the  body  of  the  engine,  and  touch  with,  the  other 
of  the  wire  the  other  (the  insulated)  side  of  the  igniter.  A  br^^ 
spark  should  be  seen.  If  not,  the  insulation  is  at  fault  Whai 
there  is  failure  to  ignite  on  starting  the  en^ne  when  cold  look] 
for  moisture  on  the  insulation  of  the  igniter  or  on  the  spark  gip 
or  Contact  breaker.  In  -very  co\^^^^>i}i\«t  \v^»X.  ^^sife  ^^hx^  ^ 
vioualy.     It  is  well  to  have  In^o  «fc\»  ^^  ^i^^  ^^«5%  Sza. 
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which  can  be  thrown  in  by  a  switch.  The  circuit  of  the 
lid  be  opened  when  the  engine  is  stopped.  In  the  break- 
p  device  the  contact  previous  to  the  break  must  not  be 
lort  duration.  If  there  is  no  means  of  lengthening  it, 
»le  ban  be  compensated  somewhat  by  the  addition  of  more 
he  breaking  of  contact  should  be  as  sudden  as  possible. 
g  the  Cylinder. — The  object  of  the  cooling  is  to  facilitate 
jn,  to  prevent  premature  ignition,  and  to  preserve  the 
.  When  running  at  full  load  there  is  never  danger  of 
00  much,  but  with  a  new  engine  the  stream  of  water 
ot  be  turned  ou  too  suddenly  if  the  engine  has  been 
.0  become  rather  hot  by  neglect,  as  this  contracts  the  cyl- 
bre  the  piston  has  had  time  to  contract  also.  In  connect- 
iacket  with  a  circulating  tank  be  careful  to  avoid  air 
n  the  pipes.  On  stopping  Ihe  engine  for  a  long  or  an-  in- 
ime  drain  the  water  from  the  jacket.  This  is  essential  in 
her,  but  is  always  advisable  in  order  to  prevent  water  filter- 
he  cylinder  through  minute  leaks  or  through  the  packings, 
parts  inside  the  cylinder  become  red-hot  or  nearly  so, 
•e  ignitions  are  likely  to  occur.  Any  incombustible  dust, 
n  scale  due  to  the  oil,  will  readily  hqat  and  preignite. 
ilmost  pure  mineral  oil  should  be  used  for  lubricating  the 
5  it  forms  little  or  no  carbon  scale.  It  is  always  well  to 
)il  gathering  in  the  combustion-chamber  of  the  cylinder ; 
does  this,  the  chamber  should  be  cleaned  often.  To  recog- 
nature  explosions,  run  the  engine  on  light  load,  then  put 
11  load  suddenly.  If  it  runs  smoothly  at  first  and  be- 
to  lose  power  while  giving  seemingly  violent  impulses, 
continues  to  ignite  when  the  ignition  device  is  put  out 
,  there  is  premature  ignition. 

engines  the  cooling  may  be  overdone,  especially  at  light 
.  certain  temperature  is  required  to  properly  vaporize  the 
e  imperfect  combustion  which   generally   exists   iu  ovl 
3  increased  thereby  and  soot  and  caxboii  ^c^^  ^'"^  x^»o^5v» 
sitate  frequent  cleanslngs. 
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Advantages  and  Disadvantages. — ^As  already  stated,  the 
and  gasoline  engine,  considered  as  a  machine  for  tranafioi 
the  latent  energy  of  fuel  into  useful  mechanical  work,  is 
superior  in  point  of  economy  to  the  steam  engine.     This  is 
ially  the  case  where  producer  gas  is  used — ^that  is,  a  gas  made  I 
tlie  so-called  Dowson  apparatus,  which  can  be  made  very  chi 
and,  while  unfit  for  illuminating  purposes,  is  an  excellent  fad 
use  in  connection  with  the  gas  engine.    In  small  units — ihsX  ^ 
up  to  about  100  horse  power — it  may  be  said  in  general 
power  may  be  had  more  cheaply  from  gas  or  gasoline  engii 
than  from  steam  engines.     Furthermore,  there  being  no  boiler 
fire,  the  attendance  required  is  less.     Where  city  gas  is  used  it 
only  necessary  to  turn  on  the  gas-cock  and  start  the  engine,  wl 
with  a  producer  the  coal  may  be  fed  automatically  into  a  ho{ 
On  the  other  hand,  where  a  heating-system  is  to  be  operated  i| 
connection  with  the  power  plant,  the  advantages  possessed  by 
gas  or  gasoline  engine,  in  point  of  economy,  disappear,  as  the 
contained  in  the  exhaust  from  a  steam  engine  may  be 
utilized  for  heating  purposes.      If  the  exhaust  by  itself  is  notj 
sufficient  for  the  purpose,  it  may  be  augmented  by  some  lit 
steam  from  the  boilers,  and  so  the  cost  of  heating  may  be  reduc 
to  a  very  small  amount.     Aside  from  this,  the  cost  of  operat 
gas  engines  is  often  greater  than  would  appear  at  first  sight 
iri  true  that  the  fireman's  services  are  dispensed  with  ;  but,  on 
other  hand,  the  gas  engine  is  a  far  more  complicated  machimj 
than  the  steam  engine,  and  consequently  more  difi^cult  to  handkl 
It  is  much  more  liable  to  get  out  of  order,  and  while  any  intdfrl 
gent  machinist  is  capable  of  repairing  such  minor  accidents  asfifr 
(luently  occur  in  steam  engines,  it  takes  a  man  of  experience  ii 
the  building  of  gas  engines  to  locate  and  remedy  the  troubfel 
which  are  liable  to  occur  in  them.     If,  therefore,  such  a  man  ii 
to  be  constantly  employed  to  operate  a  small  engine,  the  saving  ia 
attendance  is  very  niudi  reduced ;  while  if  a  gas-engine  expert  ii 
to  be  scut  ibr  every  time  \\\e  eii^\\\^  \vi^w«Ra\ft  %»ta.rt^and  the  entire 
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t  kept  idle  until  the  ttou&le  is  removed,  the  saving  referred 

ill  soon  disappear  entiijely. 

he  method  of  starting  up  gas  and  gasoline  engines  has  always 

a  weak  point.  After  the  gas  has  been  turned  on,  or  the 
line  injected  into  the  cylinder,  it  becomes  necessary  to  turn 
engine  over  several  times  rapidly  before  the  normal  action 
OS.  This  may  be  done,  readily  enough,  by  hand  in  the  smaller 
s,  while  in  the  larger  ones  some  auxiliary  device,  such  as  a 
pressed-air  tank  or  a  small  starting  engine,  is  provided  for 
ing  the  engine  over.  In  medium-sized  engines,  however,  the 
nse  of  such  a  device  would  be  out  of  proportion  to  the  cost 
le  engine,  and  in  such  cases  the  turning  over  of  the  engine 
mes  an  exceedingly  laborious  and  often  exasperating  opera- 
This  has  always  been  a  serious  drawback  to  the  use  of  gas 
aes,  and  one  which,  up  to  the  present  time,  has  not  been 
ely  removed. 

Itfi  regard  to  regulation,  it  has  already  been  pointed  out  that 
^  engine,  owing  to  the  fact  that  it  receives  only  one-fourth 
lany  impulses,  is  far  inferior  to  the  ordinary  steam  engine, 
desideratum  is  partially  overcome  by  the  use  of  extra  heavy 
heels ;  but  even  then  the  regulation  of  the  speed  is  not  suffi- 
.  to  meet  the  demands  of  certain  kinds  of  power  service.  For 
ric  lighting,  for  example,  the  variations  in  the  speed  of  the 
sngine  are  nearly  always  perceptible  in  the  lamps,  except 
e  a  storage  battery  is  used  in  connection  with  the  generator.     . 

combination  of  gas  engine,  dynamo,  and  storage  battery,  in 
offers  special  advantages  as  a  lighting  plant  for  large  resi- 
es.  The  electric  pressure  is  kept  uniform  by  the  storage 
iry ;  it  may  be  started  up  at  any  instant,  without  preparation, 
sing  the  generator  as  a  motor  with  the  aid  of  current  from 
)attery,  thus  obviating  the  tedious  operation  of  turning  over 
ngine  by  hand  ;  and,  furthermore,  the  cost  of  fuel  and  attend- 
is  comparatively  small,  so  that  for  large  residences  aud  eii3a\- 
iuildwgs  this  kind  of  plant  is  both  coiwemerkX.  ^\A  VftK^'^^'^- 
7  operate.    The  &ame  kind  of  a  plant  undei  «»w^a»X  ^o\v^>ivs5« 

30  ^ 
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is  advantageous  also  in  larger  buildings.    For  example,  in 
large  office  building  of  the  United  G^  Improvement  Co.,  ii 
Philadelphia,  which  at  the  present  writing  is  nearly  oomph 
the  lighting  is  done  both  by  gas  and  by  the  electric  current 
company  being  engaged  in  the  manufacture  of  gas,  this  is  nat 
ally  the  cheapest  kind  of  fuel,  and  consequently  the  electric  pi 
is  driven  by  gas  engines,  and  a  storage  battery  is  used  in 
tion  with  the  generators  to  accomplish  the  results  above 

In  general,  it  may  be  said,  that  gas  and  gasoline  engines  can 
used  to  advantage  (a)  where  power  is  required  at  irr^ular  ii 
vals,  because  they  are  always  ready  to  start  without  prepanisioi| 
(6)  where  the  amount  of  power  is  very  small,  because  of  the 
parative  economy  both  in  first  cost  and  cost  of  operation;  (c)i 
locations  where  coal  is  expensive  or  fuel  must  be  carried  a 
siderable  distance,  because  gasoline  may  be  more  cheaply 
ported  than  coal,  and  consequently  the  gasoline  engine  would 
cheaper  to  operate.     The  agricultural  gasoline  engine,  for  use 
farms  and  plantations  located  far  from  a  railroad,  is  a  good 
ample  of  this.     There  might  be  many  other  special  conditions 
make  the  gas  or  gasoline  engine  preferable,  and  no  exact 
can  be  given  in  this  matter.     The  data  which  have  been  given  U 
the  present  chapter,  together  with  a  careful  study  of  all  exii 
conditions,  will  guide  the  intelligent  engineer  in  choosing  the 
of  engine  best  adapted  to  each  individual  case. 


MATERIALS  AND  THEIR  PROPERTIES. 


CHAPTER  XXV. 

COMPOSITION  AND  GENERAL  PROPERTIES. 

e  are  accustomed  to  thin'k  of  air  and  water  as  elements,  but 
lists  easily  prove  that  air  is  a  mixture  of  various  ga^  and 
water  is  a  combination  of  two  gases.  They  have  been  unable, 
jver,  to  decompose  these  two  gases  and  hav^  therefore  con- 
id  that  they  are  fundamental  or  elementary  forms  of  matter, 
nalyzing  and  decomposing  a  large  number  of  materials  they 
discovered  a  large  number  of  substances  which  they  are  unable 
compose  further.  These  substances,  some  of  which  are  solids, 
•s  liquids,  and  still  others  gases,  under  ordinary  conditions, 
call  elements.  Each  element  has  definite  and  peculiar  prop- 
3.  By  their  combination  with  each  other  they  produce  all 
lifierent  substances  with  "which  we  are  familiar.  They  always 
)ine  with  each  other  in  certain  definite  proportions,  which 
ortions  are  multiples  of  the  atomic  weights  given  in  the  table 
site, 

oms  and  Molecules. — If  we  take  a  piece  of  iron  and  divide 
to  small  fragments,  we  still  find  that  these  fragments  retain 
he  properties  which  were  characteristic  of  the  original  piece, 
e  divide  these  pieces  still  further  up  to  the  limit  of  observa- 
by  the  microscope,  they  still  retain  these  properties.  It  is 
eived,  however,  that  a  point  might  be  reached  such  that  if 
liou  were  carried  still  further  the  particles  produced  h^  tVAa. 
division  would  lose  some  or  all  of  the  proipetXA^  o^  XXv^  ^^'r^'^- 
faterlal    It  is  further  believed  that  beYOX\^  V\vv&  \Xv<et^  ^"WvNsfe 
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no  Airther  dwision^  These  last  final  particles  are  spol 
the  atoms  of  an  element.  The  smallest  particle  which  < 
and  still  retain  the  distinctive  peculiar  properties  of  a  s 
is  called  the  molecule. 

.    Table  of  Elements. 


Alaminium 

Antimony  (SiibiuiD), 
Aiseok,    . 
Barhun, 
BefrlKmn;,^ 
BisnniUi».  • 
Boron*  .  . 
Bromine,  . 

Oesium, 
Odcium,  • 
Cvboo,  • 
Cerium,  • 
Chlorine,  . 
Ouromiimiy 
CbUk».  . 
Copper,  . 
Didrminm, 
£rt>iam,    , 


daiMim.  . 
Geimamam, 
Gold  (Attrttm\ 
Hvdivigen»    . 
Indium,     .   . 
lodine«  .... 
liidium.    .  . 
liwi  (Fenum^, 
l.antaM\um» .  . 
Lithium*   .   . 
l.e»vt  yltumbcm'' 
lli^»»ium« .   . 
|l>P^un»y>  .   . 
NwcuiVk  *   •    . 


Al 

Sb 

As 

Ba 

Be 

Bi 

B 

Br 

Cd 

Cs 

Ca 

C 

Ce 

a 

Or 

Co 

Oi 

Di 

Er 

Fl 

Gu 

Ge 

An  ' 

H 

la 

I 

Fe   I 
La 

L^    , 
F^ 

Ms  I 

>Ui 


Atomic 
Wdght. 


27.08 
iao.3 

75 

137 

9-1 
208 

11.01 

79963 
112.1 

»32-9 
40 

13 

i4a2 

35-453 
52^ 

59 

63.3 

»4a^ 
166 

19 
699 

733 
197.2 
1-003 

"3  7 
120  $6 

»93* 

5» 
13SL5 

':^3 

iCC.OI 

55 

2CC-4> 


I 


I 


Elements. 


Molybdenum,  .    .    .   . 
Nitrogen,  ...... 

Nickel, 

Nibfainm, 

Osmium, 

Oxygen, 

Fklladinm,    .  .    .   .   . 

Fhcsphorus, 

Platinnm, 

Fotasiinm  (Kalium),  . 

Rhodium, 

Rufaidiam,    .   . 

Ruthenium, 

Samarium^    .    .   •    . 

Scandium, 

Sulphur,    ...        •   . 

Selenium, 

Sflvcr  (Axgentam),  -.   . 

Silicon, 

Sodium  (Natrium),  •   . 

Tantahun, 
TeUminm,    .... 

Thallinm, .  . 
Thonnm,  .    .        ... 

Tin  {Staonnm),    . 
Tittniam,  .  . 
Tun^ten  (Wolfram),  . 
Lianinm,  ...... 

VanjHium,    .   . 
Ytterfaiam,    .   .    .   « 

Zbkc..  .   . 


E 

CO 


«lliNte  mkI  th^luA  (^^b»  eTeoece  X  oC  SoRft)  night  abo 

4  th»l»lHtw<a>c';W\»tm>xa'\ttSa 


Mo 

N 

Ni 

Kb 

Os 

O 

Fd 

P 

Pi 

K 

Rh 

Rb 

Rtt 

Sa 

Sc 

S 

Se 

Ag 

Si 

Na 

Sr 

Ta 

Tc 

Tl 

Th 

So 

Ti 

W 

Ur 

Vd 

Yb 

Y 

Zq 

Zr 
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The  weights  given  are  not  the  actual  weights  of  the  atoms,  as 

»  atoms  are  inconceivably  minute,  but  the  relative  weights. 

tus  the  oxjgen  atom  weighs  about  sixteen  times  as  much  as  the 

drogen  atom.    As  the  latter  is  the  lightest  of  all,  it  is  taken  as 

3  standard  of  atomic  weight. 

Every  substance  is  now  supposed  to  be  composed  of  an  im- 

^nse  number  of  molecules,  which,  even  in  the  solid  state,  are 

iver  entirely  at  rest,  and  in  the  gaseous  form  are  in  a  state  of 

rpetual  violent  commotion,  rushing  about  in  straight  lines  in  all 

rections  with  inconceivable  rapidity. 

The  difficulty  of  proving  or  disproving  the  molecular  theory 

•  in  our  inability  to  determine  the  size  or  shape  of  a  molecule 

•  any  means  in  our  power.  The  most  powerful  microscope  fails 
lerly  to  show  them,  aud  should  some  material  for  lenses  be  dis- 
vered  infinitely  superior  to  glass  or  other  material  at  present  in 
e,  we  should  fall  far  short  of  appreciating  a  molecule  through 
e  vision. 

The  principal  properties  of  different  metals  are  their  maUea- 
tiiy,  or  capability  to  stand  hammering ;  their  ductility,  or  power 
being  drawn  into  wire-form  ;  their  tenacity,  or  strength  ;  their 
trdness;  their  fuaihility,  or  ease  of  melting  under  the  application 
'  heat ;  and  their  specific  gravity,  (For  melting-points  see  Chap- 
r  IV.) 
The  following  table  gives  an  idea  of  the  order  in  which  some 

•  the  common  metals  stand  : 


MaUeability. 

Ductility. 

Tenacity. 

FusiblUty. 

Gold, 

Platinum, 

Iron, 

Tin, 

Silver, 

Silver, 

Copper, 

Lead, 

Aluminum, 

Iron, 

Aluminum, 

Zinc, 

Copper, 

Copper, 

Platinum, 

Aluminum, 

Tin, 

Gold, 

Silver, 

Silver, 

Lead, 

Aluminum, 

Zinc, 

Gold, 

Zinc, 

Zinc, 

Gold, 

Copper, 

Platinum^ 

Tin, 

Tin, 

ItOVi, 

Iron. 

Lead, 

Lead. 

"PX^XAiiXim- 
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Gravity,  Specific— The  specific  gravity  of  a  bodj  is  the  nm 
of  its  weight  to  the  weight  of  an  equal  volume  of  some  other  bodf 
assumed  as  a  conveutional  standard.  The  standard  usuallj 
adopted  for  solids  and  liquids  is  rain  or  distilled  water  at  a  oo» 
mon  temperature.  In  bodies  of  equal  magnitudes  the  specikj 
gravities  are  directly  as  their  weights  or  as  their  densities.  Ii 
bodies  of  the  same  specific  gravity  their  weights  will  be  as  the  mif 
nitudes.  In.  bodies  of  equal  weights  the  specific  gravities  are  ii< 
versely  as  the  magnitudes.  The  weights  of  different  bodies 
to  each  other  in  the  compound  ratio  of  their  magnitudes 
specific  gravities.  Hence,  it  is  obvious  that,  speaking  of  the 
nitude,  weight,  and  specific  gravity  of  a  body,  if  any  two  of 
are  given,  the  third  may  be  found.  A  body,  immersed  in  a  flni 
will  sink  if  its  specific  gravity  be  greater  than  that  of  the  flail; 
if  it  be  less,  the  body  will  rise  to  the  top  and  be  only  partly  i 
mersed ;  and  if  the  specific  gravity  of  the  body  and  fluid 
equal,  it  will  remain  at  rest  in  any  part  of  the  fluid  in  which  i 
may  be  placed.  When  a  body  is  heavier  than  a  fluid  it  loses  m 
much  of  its  weight  when  immersed  as  is  equal  to  a  quantity  rf 
the  fluid  of  the  same  bulk  or  magnitude.  If  the  specific  gravitf 
of  the  fluid  be  greater  than  that  of  the  body,  then  the  quantity  rf 
fluid  disj)laced  by  the  part  immersed  is  equal  to  the  weight  of  tli 
whole  body.  The  specific  gravities  of  equal  solids  are  as  thar 
parts  immersed  in  the  same  fluid. 

To  Find  the  Specific  Gravity  of  a  Substance.— If  it  is  heaviff 
than  water,  weigh  it  in  air  and  then  weigh  it  suspended  in  water. 
The  difference  in  weight  is  the  weight  of  an  equal  bulk  of  water. 
Divide  the  weight  in  air  by  the  weight  of  the  equal  bulk  of 
water  and  the  quotient  is  the  specific  gravity. 

If  the  body  floats  put  just  the  weight  on  it  that  is  necessary  to 
make  it  sink  even  with  the  surface  of  the  water.  Then  from  the 
sum  of  this  weight  and  the  weight  in  air  subtract  the  weight  ii 
water.  The  difference  is  the  wei^^ht  of  an  equal  bulk  of  water. 
Divide  the  weight  in  air  \)y  t\i\^  «i\v<i  Wife  Q^Q\\fe\it  ^Ul  be  thespe* 
cific  gravity. 
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Specific  Gravities  op  Metals. 


Specific  gravity. 

Weight 
per  cu.  in. 

mm , , 

2.56 
6.66 
9.74 

7.8 

8.52 
8.6 

8.5 
19.24^ 

8.69 
22.38 

6.85 

7.4 
11.07 

7. 

1.69 
13.60 

13.37 

.  8.27« 
20.33 
( 
10.47^ 

7.69^ 
7.29: 

17. 
6.86 

to    2.71 
to    6.86 
to    9.90 

to   8.6 

to   8.96 

to    8.7 

1.58 

5.0 

to   8.6 
)  to  19.361 

to    8.92 

to  23. 

to    7.48 

to    7.9 

to  11.44 

to    8. 

to    1.75 

to  13.62 
13.58 

to  13.38 
)to    8.93 

to  22.07 
).865 

rto  10.511 
0.97 

^to    7.932t 
I  to    7.409 

5.3 

to  17.6 

to    7.20 

.0963 

mv ,.., 

.2439 

\.^ 

.3544 

Copper  -f  Zinc" 
80             20 
70             30 

> 

'  .3103 
.3031 

60 

50 
r  Copper, 
I  Tin, 
im 

40 

50 

95  to 

5  to 

80) 
20/ ■••••••• 

.3017 
.2959 

.3195 
.3121 

lum 

Hire 

.6949 

.3195 

.8076 

ast 

• 

.2604 

^rouirht 

.2779 

.4106 

nese 

.2887 

jium 

0641 

•y 

f   32° 

.J    60° 

(212° 

.4915 
.4900 

J  ••»..•..  ... 

.4828 
.3175 

im 

.7758 

um 

.3791 

.2834 

.2652 

im ; 

.2526 

the  first  column  of  figures  the  lowest  are  usually  those  of  cast  metals. 

cific  Gravity  of  Liquids. — ^The  most  obvious  method  of 
ring  the  specific  gravity  of  any  liquid  is  to  take  a  vessel 
with  it  and  weigh  it.     Then  weigh  the  same  vessel  filled     - 
rater.     Divide  the  weight  of  the  substance  by  the  weight  of 
iter  and  the  quotient  will  be  the  specific  gravity. 
I  hydrometer  used  for  testing  the  specv&c  ^t^mW.'^  Ql\\sa^^ 
r  of  a  graduated  tube  of  small  diamelex  ^XXadaft^V.^  ^\sv^ 


616 


THE     ENGINEEB'S     HANDY-BOOK. 


II 


it 


(I 


« 


(( 


containing  air  enough  to  make  it  float  Just  below  this  air 
chamber  is  a  small  bulb  containing  enough  mercury  to  keep  the 
apparatus  upright.  The  graduations  on  the  tube  give  the  8pe> 
cific  gravity  of  the  liquid  in  which  the  hydrometer  is  placed. 

Specific  Geavities  op  Liquids  at  60**  P. 

Acid,  Muriatic 1.200 

"     Nitric. 1.217 

"      Sulphuric 1.849 

Alcohol,  pure 794 

"       95  per  cent 816 

"       60       "         934 

Ammonia,  27.9  per  cent 891 

Bromine 2.97 

Carbon  disulphide 1.26 

Ether,  Sulphuric 72 

Oil,  Linseed 94 

Specific  Gravities  of  Gases  at  82®  F. 
Compared  with  air,  pressure  1  atmosphere,  1  cu.  ft.  air  weighi 
at  this  temperature  and  pressure  .08071  pound. 

Hydrogen 070 

Hydrogen  sulphide 1.191 

Marsh  gas 559 

Nitrogen 972 


Oil,  Olive..... 92 

Palm 97 

Petroleum 78  to  .88 

Rape 92 

Tarpentine. .87 

Whale. 92 

Tar 1. 

Vinegar 1.08 

Water 1. 

"    sea 1.026  to  1.08 


Air 1.000 

Ammonia  (gas) 597 

Carbonic  acid  gas 1.529 

Carbon  monoxide 967 

Chlorine 2.422 

Coal  gas  from 340 

"      to 450 


Nitrous  oxide 1.527 

Oxygen 1.105 

Sulphurous  acid  gas 2.247 

Hydrochloric  acid  gas 1.250  |  Steam  (at  212°).,., 469 

Use  of  Tables. — Example.— A  certain  vessel  contains  whei 
full  10  pounds  of  water.  How  many  pounds  of  linseed  oil  will  it 
contiiin  ?  By  looking  in  the  table  we  find  the  specific  gravity  of 
linseed  oil  is  ^.  Therefore  the  vessel  will  contain  10  X  .94,  or 
9.4  pounds  of  linseed  oil. 

Example. — 1  gallon  of  alcohol  weighs  at  60°  F.  8.3  pouDds. 
What  will  1  gallon  of  linseed  oil  weigh?  Divide  8.3  by  the 
specific  gravity  of  alcohol  aY\d  wwAxlv^Vj  Vs^  t\\ft,  specific  g»vit/ 
-f  linseed  oil.     8.3  ^  .794x  .^4 ^^.^'^  ^xwi^^^. 
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Weight  of  a  Cubic  Foot  op  Substancbs. 


Names  of  Substances..  l^^skt. 


Alwtiinmny    ••••              ••«•  Xq2 

AaHkndte,  solid,  of  PeoasylvaDiay     •       •       •       •  d8 

**        brokeiiy  Jioose,       .       «*       •       •       •       •  *  54 

«             ^<      moderateljT  shaken*     ^       »       •  58 

''.        heaped  bushel,  looscy..  .       ^       ^       •       •-(dO) 

Ashy. American  white,  diy^         r       %       •       «       •  9S 

Asphaltum,            •..••••»  87 

Brass,  (Copper  and  Zinc,)  cast, 604 

**     roUed»  ..•.••»••  524 

Brick,  best  pressed, .•       •  150 

•*      common  hard,     •«•••••  I25 

^      soft,  inferior,    •••••••  100 

Brickworfc,  pressed  brick«       .......  140 

*•          ordinary, 112 

Cement,  hydraulic,  ground,  loose,  American,  Rosendale,  .  56 

"             ♦*             *«         ««           "         Louisville,  60 

"             «              **         •*     English,  Portland,        .  90 

Cherry,  dry,        ,........-  42 

Chestnut,  dry, .41 

Clay,  potters*,  dry,      .        .       *        .        ^       .        .  119 

"    in  lump,  loose, .  '  63. 

Coal,  bituminous,  solid,      .      ' .        ..       .        •        .  84 

"             "          broken,  loose, 49 

"             "          heaped  bushel,  loose,      •        .        .  (74,» 

Coke,  loose,  of  good  coal,      .       •.        .        .        .        .  62 

"         "      heaped  bushel,        .        .        .       '.        ,  (40) 

Copper,  cast,          ....•.*,.  642 

"      rolled,           ..*....  i548 

Earth,  common  loam,  dry,  loose,-    .        •        .        «  '     .  76 

.   "            **          "       **     moderately  rammed,  .        ,  95 

**      as  a  soft  flowing  mud*,          .....  108 

Ebony,  dry, 76 

Elm,  dry,^      •..•••        ^        •        »  35 

Fliat, .•  Y^^ 
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Weight  of  Substangbs  eontinuec^. 

Names  of  Substances.  "^^ 

tti 


Class,  .ccwnmom  ynadow^       ••••••       •  167 

GneisSy  common,       •••••••  188 

Gold^casttpare^cr^canty         •       •.              •  1204 

^'    pure,  hammered,    .          •       •         .      •       •  1217 

Granite, 170 

Giavel,  about  the  same  as  sand,  which  see. 

Gypsom  (plaster  of  pans),         •       •       •       i        •  142 

Hemlock;  dry,       .               26. 

Hickory,  dry, «.  53 

Honiblende,  black, •       •  203 

Ice^ 5a7 

Iron,  cast, 460 

<*     wrought,  purest,        ••••••  485 

«           «       average,         ....               .  480 

Ivory, •       •  114 

Lead,             •       •        •       •               •       .       •        •  711 

Lignmn  Vitse,  dry,      ; 83 

lime,  quick,  ground,  loose,  or  in  small  lumps,        «        «  53 

««         ««          «          "      thoroi^hly  shaktn,  .        ,  75 

«         "          «          "      per  struck  bushel,        .        .  (66) 

Limestones  and  Marbles, 168 

**                    **       loose,  in  irregular  fragments^     •  96 

Magnesium,         .        ••        •        •        •        •        .  100 

Mahogany,  Spanish,  dry,         •••.•••  53 

"         Honduras,  dry,          .        .        .     '  ..       .  35 

Maple,  dry,            ••• 48 

Marbles,  see  Limestones.  ■ 

Masonry,  of  granite  or  limestcme,  well  dressec(,           •  165 

**    mortar  rubble, •  154 

«'    dry          «      {well  scabbled,)          .        .  138 

***       "    sandstone,  well  dressed,      ....  144 

Mepcury,at  32®  Fahrenheit,.        .        .        .       '•        .  849 

Mica 183 

Mortar,  hardened, •  103 

Mud,  dry,  close,     .        •        .        «       \       ..  80  to  110 
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Weight  of  Substances  (continued). 


Names  of  Substances.  ,^ 

M udy  wet,  fluid,  maximum,        •       *       •       •       •        120 

Oak,  live,  diy,       •       •       •       •       •.       •       •       .69 

**    white,  dry,         •        •       •        ^       •        •        •  60 

«    other  kinds, «        .    32  to  45 

Petroleum,         ».       •        ^       •        »        ,       •        .55 

Pine,  white,  dry, 25 

'«     yellow.  Northern,      ••••,*  34 

**        **       Southern, 45 

Platmum,    '       .       ^       •       •       •       •       «       •      1342 

Quartz,  common,  pure, 165 

Rosin,        •••«*••••  v8 

Salt,  coarse,  Syracuse,  N.  Y.,         •        •        •       •       .      45 

**    Liverpool,  fine,  for  table  use„      •        •        •.       .  49 

Sand,  of  pure  quartz,  dry,  loose,      .        .        «  90  to  106 

«     well  shaken,* 99  to  117 

<*     perfectly  wet, 120  to  140 

Sandstones,  fit  for  building,         •        •        •        «        •        151 
Shales,  red  or  black,       .        .  *     ,        «        »        •        .    162 

Silver,        . 655 

Slate, VJ5 

Snow,  fipeshly  Hedlen, «        •        «        •        «        .        •  5  to  12 

'<     moistened  and  compacted  by  rain,        •       .     15  to  50 

Spruce,  dry,       .•••••••  25 

^teel,  %••••  9««      4kl7vr 

Sulphur,  ••••••••        125 

Sycamore,  dry,       «        .        «        •       ,       .        •       «      37 

Tar, 62 

Tin,  cast,  .  •  •  .  •  •  •  •  •  459 
Tmf  or  Peat,  dry,  unpressed,  «  ,  .  •  20  to  30 
Walnut,  black,  dry,  ••«••«•  38 
Water,  pure  rain  or  distilled,  at  6o^  Falirenheit,  •  «  62^ 
sea,  ••••••.  •••      w4 

WMl:,boes, 6a6 

Zinc  or  Spelter, «  43*7 

Oreea  tiimbv»  tuUMlty  w^gh  from  oii»^fth-W  oik^ha&t  ibaiq  t^uib  tel* 


620 


THE     ENGINEER'S     HANDY-BOOK. 


Weight  of  Various  Materials. 


1  bushel,  heaped,  bituminous  coal 

weighs  80  lbs.,  app 

roxim 

1       "        "          coke 

«      37    " 

« 

1       "        "          lime  • 

"      76    " 

« 

1       "    (2748  cu.  in.)  charcoal 

"      20    " 

a 

1       "    struck,  Rosendale  cement 

"      68    " 

M 

1       "        "       salt,  coarse 

"      56    " 

a 

1       "        "       wheat 

«      60    " 

u 

1       "        «       corn 

"      66    " 

a 

1       "        "       oats 

"      30    " 

u 

1  barrel  petroleum,  42  gallons. 

«    276^  " 

u 

Brick. — The  sizes  of  bricks  of  different  makers  vary  con 
erably,  as  do  also  bricks  from  the  same  maker,  owing  to  the 
ferent  heats  to  which  they  are  subjected.  The  following  are  » 
common  dimensions,  a$  given  in  the  handbook  of  the  New  Jei 
Steel  and  Iron  Company : 


Description. 


Inches. 


Description. 


Baltimore  front    . 
Philadelphia  front 
Wilniinj^ton  front 
Trenton  front    .  . 

Croton 

Colabaujfh   .... 


I  Maine  .  .  . 
Milwaukee  . 
North  Kiver 
Trenton    .  . 


Ordinary 


Inches. 


{ 


8MX4}s': 
8    X3hv 
8    X4     . 
7%X3f,v 
8    X43,- 


FiRKRRTrir-/^'alentine's  (Woodbridge,  N.  J.) 8%X4'?<X2^ii 

riKhORicK     ^  Downing's  (Allentown,  Pa.) 9    X4»^x2,Si 

To  compute,  the  number  of  bricks  in  a  square  foot  ofwaU.—To  the  face  dimensions  o 
bricks  used  add  the  thickness  of  one  joint  of  mortar,  and  multiply  these  togeth 
obtain  the  area.    Divide  144  square  inches  by  this  area,  and  multiply  by  thei 
bor  of  times  which  the  dimension  of  the  brick,  at  right  angles  to  its  face,  is 
tuiiHMl  in  the  thickness  of  the  wall. 

Example.— \hm  many  Trenton  bricks  in  a  square  foot  of  12-inch  wall,  the  j( 
being  ^..^  inch  thick  ? 

8+34X2)4+^=20.62;  144--20.62-7 ;  7X3=21  bricks  per  sq.  ft. 
BRICK- WORK   AND   MASONRY. 

Stone  work  is  estimated  by  the  perch  of  25  cubic  feet.     Brick-wor 
estimatedby  the  thousand,  .-md  for  various  thicknesses  of  wall  runs: 

9  in.  wall  or  1  brick  in  thickness,  14  bricks  per  superficial  foot 
J  3  "  "      lii         '*  "  *2.\  "  "  *' 

IS  "  "      2"  "  "         *I"^  '^  ^'  ** 

22  "  "      2i         *'  "         ^^  ''  ''  *" 
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CHAPTER  XXVL 


METALS  IN  COMMON  USE. 


Jron  is  the  most  important  of  all  the  metals  known  to  man,  as 
bm  as  the  most  useful.  It  has  been  one  of  the  principal  agents 
^' the  civilization  of  the  human  race,  and  is  at  the  present  day 
■>re  extensively  employed  in  the  mechanical  arts  than  any  other 
<^1.  It  is  found  in  different  conditions,  but  always  in  the  state 
? oxides,  or  as  iron  ore,  that  is,  a  sort  of  rusty  metallic  state.  The 
fOBt  common  kind  —  the  hematite  or  blood-stone  —  may  be  de- 
^bed  as  iron- rust  solidified,  or  rendered  concrete  by  water.  After 
bag  taken  from  the  ground  in  the  condition  of  ore,  it  is  placed 
jpa  blast-furnace  and  smeked,  after  which  it  is  rendered  fibrous 
id  ductile  by  puddling.  Spiegel  iron  or  specular  cast-iron  is,  as 
[^name  implies,  largely  crystalline,  presenting  bright,  mirror-like, 
iBavage  planes. 

Wrought-iron  varies  in  specific  gravity  from  78  to  7-6;  taking 
|e  mean  at  7*7,  a  cubic  foot  will  weigh  479-8721664  lbs.,  or  nearly 
SO  lbs.  Cast-iron  varies  in  specific  gravity  from  7-6  to  6*9,  the 
^rage  being  7-2. 


> 

Wrought-Iron,  Lbs. 

Cast-iron,  Lbs. 

^  cubic  foot ..,».,.,,.,, 

479-872 
376-891 
251-261 
0-2777 
0-2181 
0-1454 

439-800 
344-407 
230-279 
0-2544 
0-1999 
0-1333 

i4.  cylindrical  foot 

A  spherical  foot 

^  cubic  inch ,,^... 

Ji  cylindrical  inch. . . . 
Jl  spherical  inch 

Cast-iron  is  composed  of  about  91  per  cent,  of  iron,  5  of  car- 
^n,  2  of  silicon,  and  2  parts  of  sulphur,  phosphorus,  and  other 
aapurities.  It  also  contains  manganese,  nickel,  cobalt,  chromium, 
anadium,  titanium,  and  tungsten  in  minute,  c^uantitiea*  T\\a 
^rts  of  steam-engines  generally  made  of  v^TOW^XrVtwi  ^x^  "^^ 
nA,  eccentric-rods  and  straps,  valve-  and  piston-TQ^^,  ^QiVi^'ci^\sv'? 
is,  air-pump  levers,  cross-heads  for  pumps,  aim«>,  eVc- 
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Rust. — The  red  powder  that  falls  from  iron  which  ha£ 
been  subjected  to  the  action  of  moisture  is  the  oxide  of  the  i 
and  is  termed  rust. 

Steel  Is  one  of  the  chemical  modifications  of  iron,  a  con 
tion  o^  iron  and  carbon.  It  is  composed  of  difierent  percei 
of  each  according  to  the  purpose  for  which  it  is  used.  Th( 
containing  the  least  carbon  is  the  softest,  and  that  containii 
most  is  the  hardest 

Cast-iron,  wrought-iron,  and  steel  can  be  distinguished 
each  other  by  the  difference  in  the  grain  —  wrought-iron  beinj 
in  the  grain  than  cast,  and  steel  finer  than  wrought ;  cast-in 
ing  short  and  brittle,  wrought-iron  fibrous,  and  steel  void  of 

Steel  and  cast-iron  are  fusible ;  wrought-iron  is  raalleabli 
tile,  tough,  fibrous,  and  possesses  th^e  quality  of  welding ; 
also,  is  capable  of  being  welded.  From  this  it  will  be  seei 
steel  possesses  properties  in  common  with  both  wrought-  ant 
iron.  Malleable  iron  is  composed  of  99*5  per  cent,  of  iron, 
of  carbon,  0*076  of  silicon,  and  the  rest  is  sulphur  and 
phorus.  Its  principal  value  consists  in  its  property  of  re 
the  chemical  action  of  salt  water  or  steam. 


TABLE 

SHOWING  THE  PERCENTAGE   OF   CARBON   IN  THE  VARIOUS 

GRAD 

IRON   AND  STEEIo 

Iron  semi-steel  ified  contains 

.  1-150  Carbo 

Soft  steel  capable  of  welding   . 

.  1-120 

€i 

Cast  steel  for  common  purposes 

.  1-100 

u 

Cast  steel  requiring  more  hardness   • 

.  1-90 

M 

Steel  capable  of  standing  a  few  blows. 

but  quite  unfit  for  drawing   . 

•  1-50 

a 

Tint  approach  to  a  steely,  granulated 

"letnie 

.  1-40 

M 

DUt^iron        •        •        •        • 

.  1-25 

« 

'  cast-iron      •       .        .        • 

.  1-20 

« 

d  Qtfit-IIOli 

.V-\^ 

« 

■nnidid  ixou 

•\-Aa. 

«lk 
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TABLE 

SHOWINO  THE  ACTUAL  EXTENSION  OP  WBOUGHT-IBON  AT  VARIOUB 

TEMPERATUBES. 

iiih.  Length. 

82° 1- 

a2  1-0011356 

892 1*0026757  ^  Surface   becomes    straw-colored,  deep- 

B72  1  '0043263  >•     yellow,  crimson,  violet,  purpl  e,  deep- 

J62  1-0063894  )      blue,  bright-purple. 

D32  1-0087730  )  Surface  becomes  dull,  and  then  bright- 

112  1-01148113      red. 

^2 ::::::::  l-SS^"^''*-^'  yeiiow.  weiamg  heat,  white 

732  105128153     ^^** 

B12  Cohesion  destroyed.     Fusion  perfect. 

Linear  Expansion  of  Wrought-lron. — The  linear  expansion 
lich  a.  bar  of  wrought-iron  undergoes,  according  to  Daniell's 
Tometer,  when  heated  from  the  freezing-  to  the  boiling-point,  or 
)m  32°  to  212°  Fah.,  is  about  -^  of  its  length ;  at  higher  tern- 
ratures  the  elongation  becomes  more  rapid.  Thus,  it  will  be 
m  how  sensible  a  change  takes  place  when  iron  undergoes  a 
nation  of  temperature.  A  bar  of  iron  10  feet  long,  subject  to 
ordinary  change  of  temperature  of  from  32°  to  180°  Fah.,  will 
mgate  more  than  ^  of  an  inch,  or  suflScient  to  cause  fracture  in 
)ne-work,  strip  the  thread  of  a  screw,  or  endanger  a  bridge, 
or,  roof,  or  truss,  or  even  push  out  a  wall  if  brought  in  contact 
th  it. 

The  expansion  of  volume  and  surface  of  wrought-iron  is  cai- 
lated  by  taking  the  linear  expansion  as  unity ;  then,  following 
e  geometrical  law,  the  superficial  expansion  is  twice  the  linear, 
d  the  cubical  expansion  is  three  times  the  linear. 
Cast-iron  expands  xg^^^yij-  of  its  length  for  one  degree  of  heat; 
e  greatest  change  in  the  shade,  in  this  cWmaX.^,  \&  T^^"^  ^^  "^ 
fgth;  exposed  to  the  sun's  rays,  yi?ou- 
'ast'i'ron  shrinks,  in  cooling,  from  ^^  to  ^^  oi  \\s»\««v^- 
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TABLE 

DEDUCED  FBOM  EXPEBIMENTS  ON  IBON  PLATES  FOB  STEAM-] 
BY  THE  FBANKLIN  INSTITUTE,  PHIIiADA. 

Iron  boiler-plate  was  found  to  increase  in  tenacity,  as  its 
perature  was  raised,  until  it  reached  a  temperature  of  550^ 
the  freezing-point,  at  which  point  its  tenacity  began  to  diminiA 

At  32°  to  80°  tenacity  is  66,000  lbs.,  or  |  below  its  maamott 


« 


« 


670° 
720° 
"  1060° 
«  1240° 
"  1317° 


if 


it 


a 


a 


ti 


"66,000  " 

"65,000  " 

"32,000  " 

"22,000  " 


the  maximum, 
the  same  nearly  as  at  30° 
nearly  ^  the  maximum, 
nearly  j  the  maximum, 
nearly  -f  the  maximum. 


"    9,000   " 

It  will  be  seen  by  the  above  table  that  if  a  boiler  should  beco 
overheated  by  the  accumulation  of  scale  on  some  of  its  parts, 
an  insufficiency  of  water,  the  iron  would  soon  become  reduced 
less  than  one-half  its  strength. 

TABLE 

SHOWING  THE  STANDARD  WEIGHTS  OF  CAST-IRON   WATER-PIPE. 

3  inch,  15  ]bs.  per  foot  =  180  lbs.  per  length  of  12  feet 


4  inch,  22 

6  inch,  33 

8  inch,  42 

10  inch,  60 

12  inch,  75 

—  264 

—  400 

—  500 

—  720 

—  900 

TABLE 

SHOWING  THE  STANDARD  WEIGHTS   OF  CAST-IRON  GAS-PIPE. 

3  inch,  12}  lbs.  per  foot  =  150  lbs.  per  length  of  12  feet 

4  inch,  17  "  "  =  204 
6  inch,  30  "  "  =  360 
8  inch,  40        "         "     -=480 

iO  inch,  50        "         "     --^^^ 
i2  inch,  70        **         ''     ^^^^ 


u 

(( 

« 

u 

it 

tt 

tt 

« 

It 

• 

it 

tt 

u 

ii 

vv 

\K 

u 

\\, 


^^. 


s\ 
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TABLE 

^nsQ  THE  WEIGHT  OF  CAST-IBON  TIFES,  1  FOOT  IN  LENGTH,  FROM  } 
€H  TO  1|  INCHES  THICK  AND  FBOM  3  INCHES  TO  24  INCHES  DIAMETER 


THB   BNGINBBB'B  HAVST-BOOX/ 
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I 

WEIGHT  OF 

SHEETS  OF  WROUGHT 

IROS,  !  V 

8TEEL 

,   OOPPBB,   AND 

BRASS 

V 

1 

■ff«i0ite 

erSg.Fool. 

Thickness  by  Ameritan  (Browne  a  Sbanw'jj  Ougt.  t   L 

^ 

~isr 

Ircn. 

Steel. 

Copper. 

Bt«B. 

0000 

.40 

18.46 

18.70 

20.84 

19.68 

000 

.4096 

16.44 

16.66 

18.66 

17.53 

00 

.3648 

14.64 

14.83 

16.53 

16.61 

0 

.3249 

13.04 

13.21 

14.73 

13.80 

1 

.2893 

11.61 

11.76 

13.11 

12.38 

2 

.2576 

10.34 

10.48 

11.67 

11.03 

3 

.2294 

9.21 

9.33 

10.S8 

9.82 

4 

.2043 

8.20 

8.31 

9.26 

8.71 

K 

5 

.1819 

7.30 

7.40 

8.24 

7.79 

■ 

e 

.1620 

6.50 

6.59 

7.34 

6.83 

7 

.1443 

5.79 

5.87 

6.54 

6.18 

8 

.128S 

5.16 

5.23 

5.82 

6.60 

■ 

9 

.1144 

459 

4.66 

6.18 

4.90 

■ 

10 

.1019 

4.09 

4.14 

4.62 

4.89 

■ 

11 

!oto8 

3.64 

3.69 

4.11 

3.88 

12 

3.24 

3.29 

3.66 

346 

13 

.0720 

2.89 

2.93 

3.26 

3.08 

14 

.0641 

2.67 

2.61 

2.90 
i.69 

2.74 

IS 

.0571 

2.29 

2.32 

2.44 

Id 

.0508 

2.04 

2.07 

2.30 

2.16 

17 

.0463 

1.8S 

1.84 

2.05 

1.94 

18 

.0403 

1.62 

1.64 

1.83 

1.78 

19 

.0359 

1.44 

1.46 

1.63 

1.64 

20 

.0320 

1.23 

1.30 

1.46 

1.37 

21 

.0285 

1.14 

1.16 

1.29 

1.23 

22 

.0253 

1.02 

1.03 

1.16 

1.08 

23 

.0226 

.906 

.918 

1.02 

.966 

24 

,0201 

.807 

.817 

.911 

.860 

25 

.0179 

.718 

.728 

.811 

.786 

2S 

.0159 

.640 

.648 

.722 

.682 

27 

.0142 

.370 

.677 

.643 

.608 

28 

.0126 

.507 

.6U 

.573 

.641 

29 

.0113 

.462 

.408 

.510 

.483 

30 

.0100 

.4oe 

..408 

.454 

.429 

81 

.0080 

.358 

.363 

.404 

.383 

32 

.008O 

.319 

.323 

.360 

.MO 

38 

.0071 

.284 

.288 

.321 

J08 

34 

.0063 

.253 

.256 

.286 

.370 

36 

.0056 

.225 

.228 

.264 

JMD 

liUnrtHtminipi 

sa™n«die«i 

i^fimsdioni 

!r,niimBll»tl 

u>t— <» 

KSSS.'SK; 

b. 

_-Z!Z2j 
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opper  is,  after  iron,  one  of  the  most  useful  metals.  It  is  very 
leable  and  ductile,  so  that  it  is  largely  used  in  sheets  and 
8,  and  its  tensile  strength,  though  less  than  that  of  iron,  is 
high,  varying  from  20,000  to  30,000  pounds  per  square  inch, 
a  trifle  heavier  than  iron,  but  its  high  electric  conductivity 
es  it  preferable  to  iron  for  electric  work  in  spite  of  this  and 
;reater  cost.  The  effect  of  heating  copper  is  to  reduce  its 
igth,  as  will  be  seen  in  the  following  table: 

TABLE 

1NG  THE  STRENGTH  OP  COPPER  BOILER  PLATES  AT  DIFFERENT 
If  PERATURES,  DEDUCED  FROM  EXPERIMENTS  BY  THE  FRANKLIN  IN- 
TUTE  OF  PHILA.  THE  STANDARD  STRENGTH  AT  32°  BEING  32,800 
i,  PER  SQUARE  INCH. 


Temperature 

Diminution  of 

Temperature 

Diminution  of 

above  32°. 

Strength. 

9 

above  32°. 

Strength. 

90° 

0-0175 

660° 

0-3425 

180 

0-0540 

10 

769 

0-4398 

270 

0-0926 

11 

812 

0-4944 

360 

0-1513 

12 

880 

0-5581 

456 

0-2046 

13 

989 

0-6691 

,     460 

0-2133 

14 

1000 

0-6741 

513 

0-2446 

15 

1200 

0-8861 

532 

0-2558 

16 

1300 

1-000 

will  be  seen  from  the  above  table,  that,  in  being  heated  from 
5:'eezing-point  to  the  boiling-point  of  water,  copper  loses  5 
jent.  of  its  strength  ;  at  550**  it  loses  about  one-quarter  of  its 
gth ;  aud  at  1332°  loses  all  its  tenacity, 
ire  copper  is  mostly  used  in  wires  sCnd  sheets.  The  weights 
[fierent  wires  will  be  found  in  the  chapter  on  electricity, 
3  the  weights  of  sheets  will  be  found  m  a* table  on  page  615. 
}d  with  zinc,  tin,  and  lead  it  forms  a  number  of  valuable 
s  which  are  used  enormously  in  the  mechanic  arts.  The 
3elow  gives  the  approximate  compo8il\oiv  aii^  wsa  ^1  \a»5s^ 
ese  alloys. 
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Alloys  and  Compositioiis. 


Brass  for  locomotive  bearings.... 

Brass  for  glands 

Brass  engine  bearings. 

Yellow  brass  for  turning 

Brass  richer 

Box  metaL 

Red  brass 

Fiances  to  stand  brazing 

Tough  brass  engine  work 

Tough  brass  for  heavy  bearings 

Muntz  metal..,. 

White  metal 

White  metal,  hard 

Bronze  red 

Bronze  vellow 

Gun  metal  for  bearings 

Bell  metal  for  large  bells 

Britannia  metal 

Brass  for  sheets 

Nickel-silver,  English 

Nickel-silver,  Parisian 

German  silver 


, 

^ 

s 

• 

1 

1 

i 

^ 

1 

i 

do- 

2-5 

6- 

6 

es- 

0-5 

8- 

60- 

1-8 

6-5 

40- 

20- 

1 

60- 

10- 

80- 

10- 

70- 

10- 
2- 

5 

64- 

2 

100- 

16- 

15- 

i6o- 

6- 

26- 

90- 

60- 

11- 

11- 

42-6 

86-« 

104-7 

38-7 

6-6 

130^ 

19-6 

100-8 

46-8 

2-4 

90-3 

9-67 

0-3 

80- 

20- 

1- 

2- 

81- 

16- 

84:7 

15-3 

60* 

17*8 

22" 

66- 

13-6 

19-; 

25- 

60- 

25- 

Brass  or  gun-metal  is  used  for  main-bearings  of  marine-en] 
and  propeller-shafts,  link-blocks,  air-pump  bucketi),  head-  and 
valves,  stern-tube  bushes,  propellers,  and  steam-  und  water-o 
White  metal  is  frequently  used  as  a  lining  for  main  prop< 
shaft  and  tunnel-bearings.  Its  chief  value  consists  in  its 
friction  and  lubricating  properties,  while  its  disadvantages 
that,  if  it  becomes  overheated,  it  will  melt  and  run  out  of 
bearing.  Muntz  metal  is  used  for  surface-condenser  tubes, 
and  circulating-pump  rods,  and  surface-condenser  ^.ube-plates. 
■'T  Tnaiieable,  has  a  \ug\\  tenaWe  «\.\«v\^\)cv/>a^«sr5  d^\Tahle^  aod 

)ie  to  corrosioa. 
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Babbitt's  Metal.  —  Its  composition  is  as  follows:  Four  pounds 
-  copper,  eight  pounds  of  regulus  of  antimony,  and  eighty-eight 
Q^niids  of  tin.  The  copper  is  first  melted ;  the  tin  and  the  regu- 
|9  of  antimony  are  then  added.  After  the  metals  have  been 
Knd  a  short  time,  and  brought  to  a  dull  red  heat,  it  is  fit  for  use. 
^  Another  durably  alloy  for  the  journal-boxes  of  steam-engines  is 
apper,  84 ;  zinc,  8 ;  tin,  2 ;  lead,  4 ;  and  iron,  5  parts. 

Bronze  Alloy.  —  Copper,  80  ;  tin,  18 ;  zinc,  2.  If,  after  cast- 
■g,  and  while  still  red  hot,  cold  water  is  poured  over  it,  it  becomes 
■rder,  and  finer  in  grain,  and  tougher,  as  the  tin,  instead  of  sepa- 
itdng,  as  happens  when  the  bronze  cools,  slowly,  remains  mixed, 
nd  the  alloy  retains  its  compactness. 

Solder. — The  following  solder  will  braze  steel  or  iron,  and  may 

•  found  very  useful  in  case  of  a  valve-stem  or  other  light  portion 
t  an  engine  or  machine  breaking  at  a  time  when  it  is  important 
jhat  the  engine  or  machine  should  continue  work:  Silver,  19 
iurts ;  copper,  1  part ;  brass,  2  parts. 

Silver  solder  is  generally  composed  of  4  parts  silver  and  2 
Nirts  yellow  brass.  Pure  copper,  in  thin  strips,  is  generally  used 
BT  soldering-irons.  Plumbers'  solder  is  composed  of  2  parts  tin 
Jid  4  parts  lead.  This  solder  melts  at  about  450°  Fah.  Tin- 
miths'  solder  is  composed  of  4  parts  tin  and  2  parts  lead.  This 
mUer  melts  at  about  350°  Fah.  Bismuth  solder  is  composed 
»f  7  parts  bismuth,  5  parts  lead,  and  3  parts  tin.  This  solder  melts 
kt  about  225°  Fah.  All  tin  and  lead  solders  become  more  fusible 
Ke  more  tin  they  contain.  Thus,  1  part  tin  and  10  parts  lead 
nelt  at  about  550°  Fah. ;  while  6  parts  tin  and  1  part  lead  melt 
»»t about  375°  Fah.  All  the  tin,  lead,  and  bismuth  solders  become 
Dore  fusible  the  more  lead  and  bismuth  they  contain. 

Delta  metal,  which  is  a  tough,  strong  metal  capable  of  being 
^'•ged,  cast,  and  receiving  a  high  polish,  consists  of  approximately 
5  per  cent,  copper,  30  per  cent,  zinc,   and  5  per  cent.  iron. 

•  has  a  tensile  strength  about  three-quarWia  \ii«L\.  oi  ^xwvigciJs. 
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Table  op  Weights  pee  Lineal  Foot  op 
Brass  aitd  Copper  Bod. 


BRA55.                        1 

GOPPeK* 

Inches. 

ROUND. 

8QUARC. 

ROUND. 

SQUARE^ 

Z3x. 

Lit. 

L^. 

Lhs. 

1-46 

.oil 

.014 

.01155 

.0147 

^1» 

.045 

.065 

.017 

.060 

.lUO 

.186 

.106 

.18497 

tl6 

.175 

•885 

.189 

JMl 

.S75 

.860 

.806 

.877 

fee 

.8U5 

.510 

.486 

.548 

.540 

.090 

.^79 

.737 

&6 

.710 

.906 

:^ 

.964 

.90 

1.15 

-   UB 

H 

l.ll> 

1.40 

1.182 

1.51 

U-Jtt 

1.36 

1.78 

1.481 

1^ 

K 

1.66 

8.05 

1.708 

8.17 

U-ie 

1.85 

8.40 

1.908 

2.54 

?ii6 

8.15 

8.75 

8.818 

2.96 

2.48 

8.15 

8.660 

a.39 

1 

8.85 

3.65 

8.08 

3.86 

11-16 

8.aa 

4.l« 

ZJ& 

4.35 

JS^ie 

8.57 

4.55 

8.881 

4.88 

8.97 

5.06 

4.869 

5.44 

IH 

4.41 

5.65 

4J728 

6.01 

1516 

4.86 

6.28 

5.81 

6.63 

i^i. 

6.85 

6.81 

5.783 

7JM 

5.86 

7.45 

6.855 

7.97 

IH 

6.87 

8.13 

6.811 

8.87 

1?16 

6.92 

8.88 

7.89 

9.41 

1^ 

7.48 

9.55 

7.998 

10.18       ^ 

111-16 

8.05 

10.27 

8.45 

10.73 

llS-16 

8.65 

11.00 

9.27 

U.80 

9.29 

11.82 

9.76 

12.43 

.     *% 

9.95 

12.68 

10.648 

13.55 

115-16 

10.68 

13.50 

11.11 

14.15 

2 

11.25 

14.a'> 

12.106 

15.48 

2Ji 

12.78 

16.27 

13.668 

17.42 

«5^ 

14.32 

18.24 

1.5.:s25 

19.5i 

_     ^H 

15.96 

20.82 

17.075 

21.74 

^, 

17.68 

22..'i3 

IB.916 

84.09 

19.50 

24.83 

2i  1.856 

86.56 

2H 

21.40 

27.25 

22.891 

29.05 

m 

23.39 

29.78 

25.019 

31.8(i 

8 

25.47 

32.43 

27.243 

84.69 

8^ 

30.45 

38  77 

31.972 

40.71 

35.31 

44.96 

37.081 

47J28 

4 

46.124 

58.73 

48.438 

61.67 

To  flad  the  weight  of  Octa^n  Rod,  t&ke  th«  weight  of  Bound  Eod 
«f  affiTen >iM and  multiply  by  1  084. 

To  find  the  welgrht  of  HexAgroa  Rod,  take  the  weigbt  of  Boand  Bo4 
of  ajriTea  size  and  multiply  by  1 12. 

^     Theae  tabfe§  are  theoretieaUy  correct,  but  varUUUme  mmU 
in  oraotice. 
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Table  of  Wbiohts  feb  Lineal  Foot  of  Sraulesb 
Bkass  AMD  Copper  Tubihq. 


AfpmJimati 

W..OHT»R 

O.  D. 

■as. 

l™Ptpe. 

Bran. 

Copper. 

iDcbM. 

1»|H9. 

Lbs. 

Urn. 

.405 

.540 

9-16 

.62 

l.OS 

1    1-18 

•1.S5 

1.S2 

.1 

1.815  ■ 

1    5*16 

1.70 

1.79 

\ii 

l.M 

1    6-8 

s.w 

a.68 

1    7-8 

a.ie 

4. 

^H 

3.875 

3    7-8 

6.7S 

6.0S 

S.50 

8    1^ 

8.80 

8.74 

*K 

4.00 

4 

io.ro 

11.47 

4.5 

4  \~i 

13.70 

18.87 

^ 

5.00 

5 

13.00 

14.68 

B 

S.SSS 

IS.  76 

« 

6:625 

«    6-8 

18. ai 

U.S3 

Table  of  Weights  fek  Luteal  Foot  of  Seahlbbs 
Drawn  Bkass  and  Coffer  Tubing. 


Cam 

USD  IN 

Stuck 

m  12-FUT  Lknothb. 

SIS; 

•t 

II 

WBUBT  TO,  rr. 

°s« 

a 

11 

WnoHTPBFl. 

Bm.. 

"""■ 

Br«., 

="""■ 

1-8 

n3 

5 

:;j? 

VS, 

i; 

if 

j!^ 

v?i 

\'f 

-s 

■^ss 

Hi 

'  3  4 

i™ 

rjo 

;j 

ii 

JI-J 

I" 

m 

l\ 

; 

4  3-* 

1 

\\ 

\'^ 

\m. 
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Table  of  Weights  pee  Squabe  Foot  6w 
ooppeb  ahd  b&abb  8hebi8. 


AMERICAN,  OR  B.  &  S.  QAUQB. 

COPTSX. 

1     Ebam. 

No. 

Thidmess. 

Lte. 

Lte. 

iooo 

.46 in.. or 7-16  io^fuU 

90.888 

18.667 
16.fta6 
14.716 
18.106 

19.688 

000 

.40064*111. ......'..'. 

17.688 

00 

.8648   **  or -3^  in.  scant. 

15.618 

0 

182486  *'  ^^.17. .v.... ..^.....^1,. ...... 

18.904 

1 

.2898    " 

19.888 

ii" 

.8:y783  **or3^ln.  full 

11.670 

10.882 

1>.2» 

8.248 

7.840 

11.027 

8 

JBW42  •♦....* ; 

9.819 

4 

.20481  •• ^ 

8.715 

5 

.18194  *^ or  3-16 in.  scant *. 

7.tt8. 

6 

.16202" 

V.995 

7 

.14428  '• 

6.636 
5.821 
5.188 
j4.6]d 
4.110 

6.175 

8 
9 

.12849"orHin.fiiU 

.11448  ** 

6.409 
4.806 

10 

.10189  •• 

4.861 

11 

.090742^ 

8.884 

12 
18 
14 

.0808    " 

.OWO    " , 

.06408  ** 

8.66 

8.26 

2.00 

2.5R6 

2.802 

8.45?" 

8.68 
2.748 

15 

.057068** 

2.449 

16 

.06082" 

2.173 

17 
18 

.046857** 

.0403    ** 

2.05* 
1.825 
1.626 
1.448 
1.269 

1.987 
1.725 

19 

.0359    ** 

1.6.^ 

20 

.0320    " 

1.867 

21 

.02846  " 

1.218 

"22 

.02585** 

1.148 

1.023 

.910 

.811 

.722 

1.065 

23 

.02257  ** 

.966 

24 

.0211    ** 

.860 

25 

.0179    " 

.766 

26 

.0169    **... 

.682 

27 
28 

.01419  •* 

.01264  " 

.643 
.573 
.510 
.454 
.404 

.606 
.541 

29 

.01126** 

.482 

80- 

.01008  ** 

.429 

81 

.0089    ** 

.882 

32 

.0079    **.  ...*. 

.860  ^ 

.821 

.286 

.264 

.226 

.840 

83 
84 

.0071    " :.. 

.0063    **..... 

.803 
.869 

2!i 

36 

.0056    "... 

.0050    " 

.240 
.214 

37 

.00445  " 

.202 
.180 
.160 
.142 

.191 

38 

.00396  " 

.170 

39 
40 

.00353" 

.00314  " 

.151 
.185 

TA^se  weights  are  theoretically  correct^  but  variatior.t  mt$^  Sm 
txpected  in  Practice, 
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'-Bi.E  SHOWIHG  NTTHBBK  OF  BELT  BlVSTB  AKD  BDBS  TO  THE  PODITD. 
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V 

Hi 

^ 

rw 

K 

t.,* 

-S' 

K 

S  |i 

iS 

IM 

i« 

L«." 

n- 

«» 

MS 

Mi 

"iio 
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Learf,  which  is  widely  employed  in  the  arte,  differs  radically 
its  properties  from  iron  and  copper.  It  melt«  at  a  fairly  Jon 
Dperature  (abont  600"  F.),  is  very  soft  and  malleable,  and  is 
nost  entirely  iDelostic.  It  is  only  slightly  soluble  in  water,  the 
mation  of  a  coating* of  lead  carbonate  preventing  the  further 
igreee  of  solution.  It  is  not  attacked  by  most  acids  and  is 
irefore  used  largely  for  vessels  employed  in  their  manufacture. 

a  constituent  of  paints  in  the  fonns  of  white  lead  (lead  car- 
nate)  and  red  lead  (lead  oxide)  its  use  is  enormous. 
Id  electrical  work  it  has  two  chief  uses :  1.  In  storage  batte- 
s  the  frames  of  the  plates  are  formed  of  pure  lead  and  the  active 
tterials  of  lead  compounds.     2.  For  conductors  to  be  used  in  ■ 
derground  or  submarine  work  it  is  drawn  over  the  insulation 
the  conductor  so  as  to  enclose  it  in  a  water-proof  lead  pipe  for 
a  purpose  of  keeping  the  insulation  of  the  conductor  dry. 
Ijead  is  used  largely  in  sheets  and  pipea  to  convey  or  hold 
[uida.     Its  small  tensile  strength  renders  it  unfit  for  use  where 
y  great  strain  is  to  be  put  upon  it ;  but,  on  the  other  hand,  ita 
iedom   from   attack   by    oxygen  and   many  oxidizing   agents 
ikea  it  exceedingly  useful. 
Sheet  lead  is  regularly  made  with  weights  per  square  foot  of 

pounds,  3  pounds,  SJ  pounds,  4  pounds,  4i  pounds,  5  pounds, 
pounds,  7  pounds,  and  upward. 

Lead  pipe  for  use  as  water  pipe  is  made  m  ie^\«.x  %\TKfe  »»6- 
'igbte  BS  given  in  the  table  following. 


638 


THE    ENGINEEB'S     HANDT-BOOi:. 


Lbad  Ajsm  Tm-LiNBD  Lbad  Pipb. 


Calibre 

of 
Pipe. 

1^ 


tt 


HJ 


in. 


tt 
tt 
tt 
tt 
tt 
tt 
tt 
tt 


JiJJn. 


M 
(I 
f« 
M 
It 
M 
ft 


If 


\' 


In. 


fl 
ff 
«f 
«l 
II 
tt 
tt 

I  in. 
« 

i< 

If 

ff 

IJ^'in. 

It 

II 
11 
11 


Weight  TOr 
Rod  and  Foot 


7  lbs.  per  rod 
10    OS.  per  foot 

1    lb.      " 
ll^lbe.    " 
iglbs.    " 
9   Iba.  per  rod 
^Iba.  p.  foot 

1  lb.      " 
ll<lb§.    " 
iVSlbs. 
l^lba. 

2  IbB. 
2WlbB. 

2H11». 

3  lbs. 
14  -  Iba.  per  rod 

1  lb.  per  foot 
l^lba. 

2  IbB. 
2^  lbs. 
2Hlb8. 
29jlb8. 

8  lbs. 

16    lbs.  p.  rod. 

IV^  lbs.  per  foot 

iSlbs.    " 
If 


ft 
It 


If 
ft 


ft 
If 


fl 
ft 


ft 
If 


ft 
ft 


fl 


II 
II 


II 
II 


l^lbs. 

2  lbs. 
2Hlb8. 

3  lbs. 
SUlbs. 
4V|lb8.     " 

24^  lbs.  p.  rod. 
2    lbs.  per  foot 
2V^lb8.     " 
3^  lbs.     •• 

4  lbs. 
4^  lbs. 

2  lbs. 
2Hlb8. 

3  lbs. 
SMlbs. 
4^  lbs. 
6     lbs. 


If 
II 


II 


If 

II 


II 
II 


Ayerage 
lengtn 

Galibie 
of 

of  CoUa. 

Pipe. 

. 

l^in. 

100  feet    1 

125 

ft 

tl 

100 

M 

M 

85 

t< 

U 

150 
185 

M 
ff 

lSi«n. 

125 

<« 

u 

KM) 

ff     ■ 

tt 

140 

U 

2    in. 

120 

It 

ft 

100 

ff 

a 

90 

ff 

ft 

85 

tf 

t< 

70 

ff 

^.in. 

125 

ft 

fl 

85 

ff 

tf 

100 

M 

3    in. 

95 

ff 

ft 

85 

ff 

ft 

75 

ff 

tf 

70 
80 

.f 
tf 

^in. 

100 

ft 

ff 

80 

ff 

4    in. 

76 

tf 

ft 

85 

II 

If 

85 

II 

II 

70 
80 

II 
II 

*H'°- 

45 

II 

6     in. 

If 

65 

1. 

50 

tl 

65 

fl 

50 

fl 

45 

II 

50 

II 

50 

<l 

45 

II 

55 

II 

45 

II 

35 

II 

Weight  per  VooL 


^ 


5  Iba. 
^Iba. 
8    Iba. 

4  Iba. 

5  Iba. 
[Iba. 
Ilba. 

^Iba. 
8    Iba. 

7  Iba. 

8  Iba. 

9  Iba.- 

8  Iba. 
U    Iba. 

14  Iba. 

17  Iba. 

9  Iba. 
12  Iba. 
10    Iba. 

20  Iba. 

12H11M- 

15  Iba. 
l^lba. 
22  Iba. 
12    Iba. 

16  IbB. 

21  IbB. 
25  IbB. 
14  IbB. 

18  IbB. 
20  IbB. 
31  IbB. 


Iba.  per  foot 


M 
tt 


ft 
tt 


ft 


It 
tl 


tt 
It 


U 
It 


M 
•t 


ft 
ft 
ff 
ff 
ff 
fl 
If 
ft 
II 
II 
fl 
If 
ff 
ft 


km 

ofC 

45 
40 
41 

tt 

« 
tt 
21 
tt 
ft 
» 
25 
tt 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
10 


Weight  of  Lead  Pipe  for  a  Given  Head  of  Wateb 


Head  or  I 

Number  Pressure 


of  Feet 
Fall. 

30  ft. 
50  ft. 
75  ft. 
'-'ft. 

r 


per 
sq.  inch. 


/ 


15  lbs. 
25  Iba. 
38  lbs. 
50  lbs. 
75  lbs. 
100  Iba. 


Letter. 


^  Calibre  and  Weight  per  Foot. 

Minch 


%inch. 


10     oz.       %\h.      1     lb. 
12     oz.      1     lb.       l^lbs. 
1     lb.    il»<^lb8.     2     lbs. 


%  inch. 


^inch. 


VA  lbs. 
191  lbs. 
2Vj  lbs. 
V^     IbB.  14 


1  inch. 

iH 

2     IbB. 

Tv 

2Ulh8. 

3 

4i  lbs.  ■  3*. 

4     IbB.    4^. 

\«PA>«.  ^ 

.\^    \!ak 
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CHAPTER  XXVn. 

BOLTS,  NUTS,  SCREWS,  ETIO. 

W8 — Standard  Thread. — There  are  three  different  threads 
the  V  thread,  the  Whitworth,  and  the  Sellera  or  U.  S. 
•d,  the  proportions  of  which  are  given  below. 
"  pitch"  of  a  thread  is  the  distance  which  it  travels  length- 
r  one  revolution  of  the  screw. 

thickness  or  depth  of  a  nut,  to  give  equal  strength,  must 
1  to  the  outside  diameter  of  the  screw  or  bolt 

TABLE 


1 

J? 

ii 

1 

11= 

UZ'     - 

ti 

5  = 

*s- 

M 

tl^ 

fi 

m  1 

U4 

r. 

1^ 

Ilk 

1 

^3S 

1* 

1 

SSsS 

a 

a               i 

" 

5 

& 

20 

•185 

0062 

2 

H 

1-712 

-0277 

18 

■240 

0074 

2 

4 

1-062 

-0Z77 

18 

•2S4 

0078 

2 

4 

2-176 

•0312 

U 

■344 

0089 

2 

4 

2-426 

■0312 

IS 

■400 

0096 

8 

3 

2'629 

-0357 

12 

•454 

0104 

3 
3 

3 

2-879 

-0357 

11 

■507 

0113 

3 

a-100 

■0384 

10 

■620 

0126 

3 

3 

3-317 

■0413 

■731 

0138 

i 

ft 

8-567 

■0413 

B 

■837 

0156 

^ 

4 

2 

3^7B8 

■0435 

7 

■940 

0178 

4-028 

■0454 

7 

1-065 

0178 

4 

2 

4-256 

•0476 

6 

1-190 

0208 

5 

2 

4-480 

■0500 

6 

0208 

5 

2 

4-730 

■0500 

5) 

1^S89 

0227 

5 

2 

4'953 

•0526 

6 

1^40I 
1-616     / 

03S0 

5 

2 

\   a-iKa 

'    1 

0250 

G 

\A 

\    5-ita 
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Weight  of  Bolts  pee  100. 

SqUABE  HEADS. 


Diam. 

^/^ 

A 

% 

lbs. 

}4 

A 

% 

H 

% 

I 

Length. 

lbs. 

lbs. 

lbs. 

Ibe. 

Ibe. 

IbB. 

11)6. 

Ifal. 

l>^in. 
2     •♦ 

8.9 
4.6 

6.2 
7.2 

9.7 
1L3 

14.7 
16.5 

20.4 
22.4 

26. 
29. 

87. 
89.9 

58. 
63.2 

97.7       1 

21/^" 

5.4 

8.2 

12.9 

18.5 

25. 

82.2 

44.1 

69. 

106.6       1 

3      •• 

6.2 

9.3 

14.5 

20.5 

27.8 

85.4 

48.3 

75.2 

118.8       1 

3J^  " 

6.9 

10.4 

16.1 

22.6 

30.6 

38.7 

52.5 

81.4 

122.         1 

4      •• 

7.6 

11.5 

17.7 

24.7 

33.4 

42. 

66.7 

87.6 

180.2        1 

41/^" 

8.3 

12.6 

19.2 

26.8 

36.2 

45.3 

60.9 

98.8 

1S8.4        1 

5      '• 

9. 

13.7 

20.7 

28.9 

39. 

48.6 

66.1 

100. 

146.6 

5^  " 

9.7 

14.8 

22.2 

31. 

41.8 

51.9 

69.2 

106.1 

1549 

6*" 

10.4 

15.9 

23.7 

33.1 

44.6 

55.2 

78.4 

112.2 

163.2 

6K" 

11.1 

17. 

'   25.2 

35.2 

47.4 

58.5 

77.6 

lias 

17L5 

7      " 

11.8 

18.1 

26.7 

37.3 

50.2 

61.8 

81.8 

124.4 

179.8 

71^" 

12.5 

19.2 

28.2 

39.4 

53.1 

65.1 

86. 

130.5 

187a     1    J 

8      " 

13.2 

20.3 

29.7 

41.5 

56. 

68.5 

90. 

136.6 

196.4 

'   3 

Breaking  Strain  of  Bolts. 


U.  S.  Tapped  Nuts. 

NUMBER   IN    100   POUNDS. 


%in. 

A  in. 

HIn. 

7,700 
lbs. 

Am. 

%ln. 

H^"^- 

%ln. 

Kin. 

liB. 

4,575 
lbs. 

4,950 
lbs. 

9,000 
lbs. 

11,225 
lbs. 

15,000 
lbs. 

18,200 
lbs. 

23,500 
lbs. 

I'A  in. 

V4  in. 

41,000 
lbs. 

IH  in. 

63,000 
lbs. 

l%in. 

88,000 
lbs. 

2  in. 

2^  in." 

2HIn. 

2%  in. 

220.000 
lbs. 

311 

35,500 
lbs. 

120,000 
lbs. 

145,000   • 
lbs. 

180,000 
lbs. 

275,« 

Size  of  Bolt. 

Threads  to  Inch. 

Square  Nuts, 
Cupped. 

Hexagon  Nute, 
Cupped. 

y\  inch. 

24 

17,000 

20,500 

i  '• 

20 

7,500 

9,000 

A  " 

18 

4,500 

5,500 

f   " 

16 

2,720 

3,200 

A  " 

14 

1,900 

2,170 

i   " 

13  (or  12) 

1,250 

1,500 

A  " 

12 

980 

1,150 

i  " 

11 

700 

850 

fi  " 

11 

425 

545 

i   " 

10 

400 

•    520 

1    " 
1     " 

\                % 

\               ^^^ 

\               'TKJ^ 
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Lengths  of  Thbeadb  Cut  on  Bolts. 


• 

th  of  Bolts. 

t 

i 
1 

1 

1 

U 

u 
u 

M&A 

If 
2 

9i 

7^ 

1 

IJ^ 

1J4 

;o    1}  in. 

1 
1 
1 

1 

H 
li 
li 

2 

u 

li 
li 
If 

2 
2 

If 

li 

If 
If 

2 
2i 

. 

'  .  2i  " 
«    3     It 

I    ^     tt 

t      g       a 

«  12     " 
*  20     « 

li 

2 

2 

2i 

2i 

3 

•   .  •     • 

2i 

2i 

21 

3 

3J 

•  •     • 

•  •     • 

2i 
3 

3t 
3i 

ts  longer  than  20  inches  and  larger  than  1^  inches  in  diameter  will  be 
led  about  3  times  the  diameter'of  the  rod. 


Weight  of  Nuts  and  Bolt-heads  in  Pounds. 

FOR  CALCUI-ATiNG  WEIGHT  OF  EXTRA   LONG  BOLTS. 


1.  Bolt  in  Inches. 


htof— 

)nal  nut  and  head. 


<i 


«( 


h  of  bolt,  additional  .015 


H 

% 

H 

% 

% 

Vb 

1 

154 

IH 

1% 

2 

2H 

.017 
.021 
.015 

.057 
.069 
.03 

.128 
.164 
.054 

.267 
.320 
.086 

.43 
.55 
.121 

.73 
.88 
,165 

1.10 

1.31 

.22 

2.14 

2.66 

.34 

3.78 
4.42 

.48 

5.6 
7.0: 
.66 

8.7 

10.6 

.88 

17. 
21. 
1.36 

29. 
36. 
1.98 


Weight  and  Size  op  Cast  Washers. 


WEIGHT  PER   100. 

• 

Bolt  o2  Rod  .  . 

%in. 
IHxA 
9H  lbs. 

Hin. 

%in. 

%in. 

Kin. 

lin. 

I  r  Dimensions  . 
«tweight   .  .  . 

2x% 
21  lbs. 

2^x3^ 
43  lbs. 

3x% 
70  lbs. 

3Hx% 
113  lbs. 

4xK 
175  lbs. 

Bolt  or  Red  .  . 

IH  in. 
4Hxl 
256  lbs. 

l^^in." 

l%in. 

IHln- 

l^in. 

2  in. 

^  fDimer»*'*«ns  . 

5xlH 
332  lbs. 

5^  X  1)4 

6x1% 
610  lbs. 

7xlH 

7Hil% 

"(WeV'M      .  . 

455  lbs. 

865  Ibe. 

1,115  Ibi. 

4J 
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STAimuui  HAOHim  Scbewb. 


No. 

"■^"'»' 

S,°' 

Diam. 
of  Flat 

Slun-tf 

Ian, 
^    1 

Wood  Scbews. 

=  number  X  0.01325  +  0.066. 


No. 

Diam. 

No. 

Dlam. 

No. 

Dlam. 

No, 

Diam, 

Ko, 

0 

.056 

6 

.135 

12 

.216 

18 

.293 

24 

1 

.069 

7 

.149 

13 

.228 

19 

.308 

25 

2 

,082 

8 

.162 

14 

.241 

20 

.321 

2S 

3 

.098 

9 

.175 

15 

.255 

21 

.334 

27 

4 

.109 

10 

.188 

16 

.268 

22 

.347 

28 

5 

.122 

11 

.201 

17 

■   .281 

23 

.361 

29 
30 

Wood  Sckew  Test, 
drawn  out  0¥  yellow  ptrx.) 


Screv,. 

Jin.       1 
4,960 

,:..     1 

!i~.    1 

lin. 

li 

Wood,deep... 
At  ibs. 

4  m.     \ 

Wv,.     \ 

6 
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SHKES,  NAILS 

AND   TACKS. 

STUouiji  sm\  TI&I  lUlS. 

:/' 

tamo. 

Eiisyig. 

\^ 

So.  per 

iiBhiii 

^ 

l«>gtl 

debts. 

"A^ 

Sin. 

i^ogti. 

\^ 

h   lyJ 

.0524 

060 

.04.W 

15SS 

R" 

.\m 

41 

n 

1" 

fiOO 

.nNK 

Mn 

fisoa 

fl1» 

imi 

m 

IV" 

\i^"' 

.llfffld 

,()5(K 

7m 

4" 

.SMI 

z\ 

4<1 

1W" 

MH) 

Mm 

WS 

.C671 

eoo 

4m;" 

.2294 

17 

5d 

li^" 

200 

2" 

m^ 

310 

0M1 

-m 

?S7fi 

IS 

ftl 

a//- 

SxT" 

.(KW 

ItiO 

.0M1 

HIS 

fii-i" 

vmA 

11 

7<1 

av" 

1^) 

.mufi 

Its 

,07:^0 

SU 

•m-A 

10 

VA 

R5 

a^" 

93 

.(i/ao 

ISS 

w 

:£m 

■ly^ 

9d 

2i^" 

76 

3" 

KKS 

77 

1 

3J<" 

.IIM 

HO 

1K7 

fl" 

v,m 

fi 

\'?A 

;iV" 

Ml 

3j^" 

1?A^ 

4« 

H" 

.■m. 

4--' 

IfiH 

•IfSiO 

.1019 

62 

Bltd 

4" 

39 

4^" 

.1R1S 

ra 

30^ 

4'-f" 

Ifi 

4llrl 

5><' 

.^34 

IH 

sort 

U'A" 

11 

.2576 

11 

.  . 

6M 

8 

^~n 

1«mA 

hnbn 

[mT 

ri;;^ 

KUt. 

Uwtt. 

lute' 

in. 

prpmni. 

J* 

ii. 

p-rpoMS. 

I-rp-uti 

^ 

18000 

4 

tV 

4000 

U 

+f 

1143 

S 

8000 

« 

mi\ 

tH 

H 

888 

1^ 

5 

iMJ 

r 

800 

E333 

18 

1333 

24 

14 

787 
666 

WROUGHT  SPI 

•iES 

«u 

X-ioA. 

MAitA. 

Miuk 

ofth 

Miiik. 

fr.WiB4 

Mis* 

46ia4 

i-Sii4 

fc 

In. 

Vg. 

lo. 

Rg. 

li. 

It. 

S3G0 

7 

1161 

(WP. 

4fe 

m 

306 

1330 

\m. 

8 

RfW 

4.'>!> 

m 

1650 

\m 

» 

673 

424 

800 

IMi 

1064 

10 

391 

Kfl 

m 

1^ 

.  A-uaxwi 

jm} 

«8 

57D 

12 

i  .    . 

\ .  . 

VBR 

\V« 
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CHAPTER  XXVni. 
STRENGTH  OF  MATERIALS. 

Strength  of  Cast  Iron. — When  a  specimen  of  cast 
cross-section  is  one  square  inch  is  pulled  apart,  as,  fo 
by  supporting  it  at  one  end  and  hanging  weights  from 
the  number  of  pounds  necessary  to  pull  It  asunder  vai 
with  different  specimens,  as  will  be  seen  from  the  follo^ 
An  average  safe  value  is  18,000  pounds  per  square  inci 

TABLE 

SHOWING  THE  TENSILE  STRENGTH   OP   VARIOUS  QUALITIES   OI 

CAST-IRON. 

Breal 
a  sqi 

Common  pig-iron, 

'^H.>?  common  castings,  .        .        .        . 
Cast-iron  " 

«  (( 

Gun-heads,  8{>ecimen  from, 

•  •  •  .  • 

Greenwood  cast-iron, 

"  **  (after  third  melting,)      . 

Mean  of  American  cast-iron, 

Quu-metal,  moan, 

When  subjocteil  to  a  crushing  force  cast-iron  offer 

fffiMiter  resistaniv  than  it  does  to  tension.     The  crusl 

HiU«d  its  ultimate  cvmpreesive   strength,  varies  from 

"00  pi>unds  i>or  square   inch,   and  a  fair  averag 

Uud^.     On  a^^xmnt  of  its  cheapness  it  is  la 

pnrts  of  machinery  which  are  subjected 

«a  but  com^T^&s^V]  %\saU  tensile  < 
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rastings. — Iron  and  some  of  the  other  metals,  like  brass,  lead, 
;,  and  tin/can  be  cast  in  moulds.  On  cooling  they  shrink,  and 
wance  must  be  made  for  this.  The  following  tables  will  be 
111  for  this  purpose : 

TABLE 

OWING  THE  WEIGHT  OP  CASTINGS  BY  WEIGHT  OP  THE  PATTEBNS. 

lultiply  the  weight  of  the  pattern  by  the  multiplier  opposite 
I  material. 

White  Pine  X  16 


c  J.  JIJ 

« 

X  171     , 

" 

»          v/oioirixvJ-t. 

Wrought-iron. 

« 

X  17-3     , 

.     Steel. 

€€ 

X  18 

Copper. 

€€ 

X  25 

Lead. 

TABLE 

SHOWING  THE  SHRINKAGE  OP  CASTINGS  OP  DIFPERENT  METALS. 


riron,  -J  inch  per  lineal  foot. 


Tin,  y'j  inch  per  lineal  foot 
Zinc,  j%        " 


sa      3  «  « 

»>  T5    • 

dl  <(  « 

>  "g" 

ule  for  finding  the  approximate  weight  of  iron  castings  from  pat' 
8,  —  Multiply  the  weight  of  the  pattern  by  the  figures  corre- 
iding  to  the  material  in  the  table.  Very  accurate  results  can- 
be  expected,  as  the  specific  gravity  of  wood  as  well  as  of  iron 
es. 


Pine  wood .        .         .  14'() 

Oak       "........     90 

Beech    " .         .9-7 

Linden" 13-4 

Birch    " 10-6 

Alder   " 12-6 

Pear-tree  wood \^*^ 

'rength  of  Wrought-iron.— The  tensWe  alteiv^^\i^  ^i  n^^^x^sg^ 
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iron,  while  much  larger  than  that  of  cast  iron,  varies  almost  as 
much  with  different  specimens  as  that  of  cast  iron,  as  will  be  waii 
in  the  table.     Good  wrought  iron  should  exhibit  a  tensile  break- 
ing strength,  however,  of  about  50,000  pounds  per  square  ind.1 

TABLE 

SHOWING  THE  TENSILE  STRENGTH  OF  VARIOUS  QUAIilTIES  OF  AMERICAl] 

WROUGHT-IRON. 

Breaking  wfikhtrf  | 
a  square  inch  btt 


From  Salisbury,  Conn., 
"Pittsfield,  Mass.. 
Bellefonte,  Pa., 
Maramec,  Mo., 


« 


n 


« 


<( 


ct 


(( 


t( 


Centre  County,  Pa., 
Lanc^^ter  County,  Pa., . 
Carp  ^iver.  Lake  Superior,  , 
Mountain,  Mo.,  Charcoal  bloom, 

American  hammered,      .         .         . 

Chain-iron, 

Rivets, 


« 


IC 


57,00» 

58,1 

43,00»^ 

53,000 

58,400 

58,061 

89,582 

9O,00t 

53,900 

43,000 

53,300 


Its  compressive  strength  is  about  the  same  as  its  tensile  strengti. 
An  important  point  in  the  testing  of  iron  and  steel  with  a  view 
to  determining  their  quality,  is  the  amount  of  elongation  the  test 
piece  will  stand  before  it  breaks.  Good  wrought  iron  should 
show  an  elongation  of  18  to  25  per  cent. 

Strength  of  Steel. — The  tensile  and  compressive  strengths  of 
steel  may  be  made  to  vary  from  50,000  to  200,000  pounds  ptf 
s(|uare  inch  by  altering  the  percentage  of  carbon  and  other  matfr 
rials  in  its  composition.  Mild  steel  for  boilers  is  usually  specifid 
to  be  between  55,000  and  65,000  pounds  per  square  inch  tensil* 
strength,  and  to  show  an  elongation  before  breakage  of  20  to  27 
per  cent. 

The  variations  in  tenaWe  s\,t^w^\)cv  cil  N^TVQ\is^Yv\5As^  ^^  ^^eelmij 
seen  in  the  table  belovj. 
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BieakiDg  weight  of 

a  square  inch  bar. 

52,250 

[ates, 

.    60,000 

boiler-plateSy     .        • 

.    55,000 

joints,  double-riveted, 

.    35,000 

"      single       " 

.        .    28.600 

.  198,910 

"     lowest        " 

.  163,760 

.  180,000 

aeous  metal, 

.  105,732 

"      2d  quality,     . 

.    81,663 

r  sLeei,        •        •        •        • 

.  148,324 

.  154,825 

u 

•                 •                 •                 • 

.  157,881 

Tensile  Strength  op  METAiiS. 

yn^^r^^f  Tiir«*«i                                                             Tensile  Strength  in 
Name  of  Metal.                                                             po^^^^P  pe,  g^  j^. 

im  wire,       .        .        .        .        .        .    30,000-40,000 

re,  hard-drawn,    .. 

» 

.    50,000-150,000 

phosphor,  hard-drawn. 

.  110,000-140,000 

silicon             " 

k 

.    95,000-115,000 

wrire,  hard-drawn. 

.    60,000-70,000 

pe,         .         .        . 

• 

.    38,000-41,000 

5t,             .            .            .    ,        , 

\ 

.    13,000-29,000 

rire,  hard-drawn,  . 

• 

.    80,000-120,000 

"      annealed,       .        , 

» 

.    50,000-60,000 

LSt  or  drawD, 

> 

.    26,000-33,000 

im 

1 

39,000 

n,  wire, 

» 

•50,000 

ire        .... 

k 

42,000 

ild,  hard-drawn,    . 

» 

.  100,000-200,000 

ird. 

• 

.  150,000-330,000 

t  or  drawn,   . 

• 

4000-5000 

SI/,            *          •          ^ 

•    • 

,     1^^S^:^\^5^:^ 

awn,    . 

» 

.  ^^<;^^^5^^^ 
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Tensile  Stbength  of  Diffebent  Kinds  of  Wood. 


Lbs.  per 
Sq.  Inch. 

Alder 14,000 

Ash 16,000 

Birch 15,000 

Baywood       ....  12,000 

Beech 11,500 

Bamboo         ....    6,000 
Boxwood       ....  20,000 

Cedar 7,000 

Chestnut        ....  13,000 

Cypress 6,000 

Elder     .....  10,000 

Elm 6,000' 

Fir  or  Spruce        .       .        .  10,000 

HaKl 18,000 

HoUj 16,000 


Hickory 

Lignum-Vitse 

Larch    • 

Locust  • 

Maple    . 

Mahogany 

Oak 

Pear 

Pine 

Poplar  . 

Sycamore 

Teak      . 

Wahiut. 

Yew      . 


SltOWINQ  THE  AVERAGE  CRUSHING  LOAD  OF  DIFFERENT  MATES 
OR  THE  WRIiiHT  UNDER  WHICH  THET  WILL  CRUMBLE. 

Lbs.  per  S< 


Lbs.  per  Sq.  Inch. 

Alder 6,900  i  Walnut   . 

Ash 8.600  [Willow    . 

Be«ch 7,600  ;  Slate  .    . 

Oedar 5,700  '  Sandstone 

Kim 10,000    Limestone 

Rr— Spruce     ....  6,500    Concrete . 

Hiekoiy  (whito)   .    .    .  8,925    Zinc    .    . 

Hortibwii 4,500 

Ufok 3,200 

^^noiHi 9.113 

Ml 8,150 


Copper,  cast 

Brass 

Hn     .     .     . 

Lead  .  .  . 
4,200  Haid  brick. 
6,500  Crown  glass 
6,800  Granite,  Eng. 
5,300  Portland  cement 
5,100  Freestone,  Conn. 
3,700    Marble,  Am     . 


i; 


%X^  )Ibc!ia\  \!^  \A^b«Mt  Talnea  tluit  are  obte 

H^  a>KA\  \^043Ki\I^^A1^ttS«b4SfHH^IS^ 
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Table  showiso  Size,  Weight,  &c.,  of  Wiee. 


« 


UOIBTINO  Be 


%\  ill 


S:"|  *73^ 


(19  WlBEa  TO  THE  STEAND). 

I  CRUCIBLE  STEEL. 


•kK^ 

m 

nil 

III 

JiH 

,.vfi 

j»^i 

r" 

79,3«. 

^:;;i 

:-;5 

Sil 

0.703 

'"; 

SL 


lis!  : 


111. 


m 


■g; 


3   ':',' 


.MjIj 
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CHAINS- 

WtlCHT  AND  mOOP  ETRENGTH  Of  CHAJK  MAKUPACTOKEB  IT 
THE  HEW  JERSEY  STEEI.  AND  tKON  COHPAMT. 


STUD  CHAIN. 

SHORT  UNK  CHAm. 

"sar 

si«. 

-& 

Proar 

SiH. 

-S 

Proof. 

Pnral 

India. 

Fau^. 

To«. 

I.d,. 

Pounds. 

Tom. 

Ton. 

I 

1 
E 

as 

1 
1 

s 
1 

£ 

1 

i 
1 

r 
i 

JO 

n 

»9 

Galvanized  wire  ropes,  for  ships*  riqqino, 
guys  for  derricks,  i&c 


1 

]  '- 

0 

III 

Hi 

il 

J!, 

u 

OS 

i 
is 

11 

II 

Pi 

"1 

f> 

S 

« 

f** 

a 

»!4 

1 
\\ 

;; 

1 

\l 

l^l 

\l 

Ll 
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*ength  of  rope  will  be  found  under  the  chapter  on  transmia- 
)f  power. 

Dtors  .of  Safety. — In  making  use  of  tables  on  the  strength 
.terials  engineers  do  not  make  the  size  of  the  piece  just  large 
^h  to  support  its  load,  but  make  it  several  times  larger,  so  as 
on  the  safe  side.  The  number  of  times  larger  depends  on 
ature  of  the  load  to  which  it  is  to  be  subjected,  and  is  called 
ctor  of  safety.  The  following  represent  good  practice :  Where 
)ad  is  steady  with  no  vibration,  such  as  in  roofs,  the  factor 
ety  is  3.  Where  load  is  fairly' uniform  but  causing  vibration, 
shafting  hung  from  roof,  the  roof  material  sizes  would  be  cal- 
id  with  a  factor  of  safety  of  4. 
len  the  load  is  reversed  in  direction  the  factor  is  6. 
ams — Wooden. — The  load  which  a  beam  will  support  de- 
\  upon  its  depth,  width,  length  between  points  at  which  it  is 
>rted,  the  kind  of  wood  and  the  way  in  which  it  is  loaded.  A 
is  uniformly  loaded  when  the  weight  per  squai*e  inch  rest- 
n  and  supported  by  it  is  the  same  at  all  parts  of  its  length, 
am  so  loaded  will  support  more  pounds  than  if  the  weight 
all  concentrated  and  hung  from  a  hook  in  the  middle, 
e  table  on  the  opposite  page,  taken  from  the  Carnegie  hand- 
,  is  calculated  with  a  factor  of  safety  of  4 : 
the  load  is  suspended  from  one  point  between  the  points  of 
)rt  of  the  beams,  the  safe  load  may  be  taken  as  one-half  that 
1  in  the  table. 

ample, — Suppose  it  is  desired  to  lift  an  engine  fly-wheel 
ling  1500  pounds  by  a  block  and  tackle  suspended  from  a 
en  beam.  The  beam  supports  only  a  light  floor  and  is  itself 
)rted  by  the  walls  of  the  building,  the  distance  between  the 
3  of  support  being  12  feet  deep.  The  beam  is  12"  deep  by 
de,  of  white  pine.  Will  it  safely  support  the  pulley,  and  by 
Tiuch  margin? 

jm  the  table  a  beam  12  feet  long,  12"  deep,  and  1"  wide  uni- 
y  loaded  will  support  1 000  pounds  \\it\i  a  ?ae\.ox  q»^  ^-ai^X^j  ^'l 
oaded  at  one  point  its  safe  load  will  be  50^  ^oxm^s^.   ^X^«wr 
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fore  a  4"  beam  will  support  2000  pounds,  and  if  the  poll 
were  to  be  attached  to  an  eye-bolt  screwed  into  the  beam,  aii 
the  eye-bolt  would  be  about  i"  diameter,  and  would  take  I"  fv 
the  width  of  the  beam,  this  beam  would  just  do  the  work  gafel; 

Safe  Loads,  Unifokhly  Dibtkibuted,  for  Rectabodla 
Spbuce  oe  White  Pine  Beaub. 


Calculated  with  faclor  of  aafetj^^^i. 

(For  oak,  increase  valuea  id  table  bj  }.) 

(For  yellow  pine,  increase  values  in  table  by  }.) 


M 

DEPTH  OF  BEAM. 

«1 

JZ. 

.^ 

_ei 

191 

111 

12" 

13" 

J*l 

IB- 

JSL 

5 

600 

m 

1070 

1350 

1670 

2020 

2400 

289) 

8270 

3760 

iSTt 

6 

500 

680 

890 

1120 

1390 

1680 

2000 

^ 

sm 

8120 

sm 

7 

130 

580 

760 

960 

1190 

1440 

1710 

2010 

S330 

S680 

sou 

8 

-3S0 

filO 

670 

840 

1040 

1260 

1500 

1760 

S040 

!34D 

2670 

9 

330 

*60 

590 

750 

930 

1120 

1330 

15B0 

1310 

2080 

2370 

10 

^00 

410 

530 

670 

830 

1010 

1200 

1410 

1630 

1830 

2130 

11 

2?0 

370 

490 

610 

760 

920 

1090 

1490 

1710 

1940 

13 

250 

m 

440 

560 

690 

S40 

1000 

1180 

1360 

1660 

1780 

13 

230 

310 

410 

620 

640 

780 

030 

lOSO 

1280 

1440 

1640 

14 

210 

290 

330 

480 

590 

720 

860 

1010 

1170 

1340 

1530 

15 

200 

2?0 

SSO 

450 

550 

670 

800 

940 

1090 

1250 

1480 

16 

m 

2S0 

330 

430 

520 

630 

750 

880 

102O 

U80 

1330 

17 

ISO 

240 

310 

4G0 

490 

590 

710 

830 

9S0 

1100 

1260 

18 

170 

330 

330 

370 

460 

660 

670 

780 

910 

1O40 

1190 

19 

160 

310 

380 

360 

440 

530 

630 

740 

860 

990 

UM 

20 

150 

SCO 

270 

340 

420 

510 

600 

710 

830 

940 

1O70 

21 

HO 

ISO 

2G0 

320 

390 

480 

570 

670 

780 

890 

lOSD 

S3 

UO 

190 

240 

310 

3S0 

4fi0 

640 

610 

740 

850 

878 

23 

130 

m 

230 

290 

3B0 

440 

520 

610 

710 

810 

920 

24 

130 

170 

220 

280 

350 

420 

500 

690 

680 

780 

890 

2S 

120 

160 

210 

270 

330 

410 

4S0 

550 

660 

750 

860 

HS 

160 

210 

21)0 

330 

3W 

460 

640 

630 

720 

m 

27 

ISO 

200 

2oQ 

310 

370 

440 

530 

610 

690 

790 

28 

no 

U'O 

WO 

240 

300 

3  BO 

430 

500 

580 

670 

760 

29 

no 

140  m 

230 

1'90 

350 

410 

490 

660 

640 

740 

Toobtaio  the  safe  load  for  any  thickness:    Hullipl; valuCl fbt 
I  inch  by  thickness  of  beara. 

To  obtain  the  Ieq1^«;4*i'3saesalOTa.■w^^Q»i^^  ^-^di&bfnfa 
load  for  I  inch. 
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be  table  under  bolts  gives  some  tests  showing  how  many 
ids  weight  is  necessary  to  pull  out  screws  from  yellow  pine. 
I  table  shows  that  &  i'^  screw  sunk  d"  into  the  wood  required 
5  pounds  to  pull  it  out.  Using  a  factor  of  safety  of  4,  this 
Id  support  nearly  1900  pounds,  or  400  pounds  more  than  the 
unt  of  its  load. 

teel  beams  are  made  with  a  shape  like  the  letter  I,  and  are 
;e  called  I  beams.  The  top  and  bottom  pieces  are  tailed  the 
^  and  the  vertical  piece  running  between  and  connecting  them 
lied  the  web.  By  the  table  on  p.  654  taken  from  the  catalogue 
le  Stillwell-Pierce  &  Smith- Vaile  Company,  we  can  calculate 
t  load  a  beam  will  carry  if  uniformly  loaded,  using  a  factor 
ifety  of  4.  If  the  load  is  concentrated  at  one  point,  only  one- 
the  result  given  by  the  table  should  be  used. 
zample. — What  load  at  its  centre  can  be  safely  suspended  from 
'  I  beam  whose  thickness  of  web  is  .23  and  whose  flanges  are 
wide,  if  the  'span  between  points  of  support  is  10  feet  ?  From 
able  the  coeflScient  for  a  6"  beam  of  these  dimensions  is  83,500. 
iding  this  by  10  we  get  8,350  pounds  as  the  safe  distributed 
,  and  half  this,  or  4175  pounds,  can  be  suspended  at  one  point. 
uniformly  loaded  beam  has  the  greatest  tendency  to  break 
»  middle  point,  and  a  smaller  weight  will  break  a  beam  if 
ied  at  its  middle  than  at  any  other  point.  So  that  the  ex- 
les  given  above  as  applying  to  a  weight  suspended  at  any 
t  are  not  strictly  correct ;  but  as  they  are  on  the  safe  side 
greatly  simplify  the  calculations,  it  was  considered  best  to 
them  in  this  shape. 

siumns. — The  values  for  crushing  or  compressive  strength 
Q  in  the  tables  are  not  safe  to  use  where  the  length  of  the 
5  subjected  to  the  crushing  force  is  more  than  four  times  its 
leter,  as  with  longer  pieces  a  bending  action  comes  in  which 
es  them  to  give  way  long  before  the  load  given  in  the  tables 
cached.  The  calculation  of  sizes  of  columns  is  beyond  the 
e  of  this  book,  but  will  be  found  in  iTeaXNaeS)  q\x  ^y^x^^  "ssRi- 
i'c8  and  strength  of  materials, 
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TABLE. 

Giving  the  size^  weight,  and  safe  load  that  the  Carnegie  8te( 
I  Beama  will  carry  with  the  load  equally  distrihated. 


No.  of 
Shaft. 


Depth 
of  Beam, 


ThkkncM 
of  B«*ai. 


Width 
of  FUnse 
ia  Indies. 


Weighs 
per  Foot* 


of 

fBI 


301b 

301  d 
302c 
302b 

302  d 

303  b 

303  d 

304  b 

304  d 

305  b 

305  d 

306  b 

306  d 

307  b 

307  d 

308  b 

308  d 

309  b 

309  d 

310  b 
310  d 


20 

0.60 

7. 

80 

20 

0.60 

6.250 

64 

15 

0.78 

6.125 

80 

15 

0.45 

6.75 

50 

15 

0.40 

6.50 

41 

12 

0.39 

6.60 

40 

12 

0:35 

5.25 

32 

10 

0.37 

6.00 

33 

10 

0.32 

4.75 

25.5 

9 

0.31 

4.75 

27 

9 

0.27 

4.50 

21 

8 

0.27 

4.50 

22 

8 

0.25 

4.25 

18 

7 

0.27 

4.25 

20 

7 

0.23 

4.00 

15.5 

6 

0.26 

3.62 

16 

6 

0.23 

3.50 

13 

5 

0.26 

312 

13 

5 

0.22 

3.00 

10 

4 

0.24 

2.75 

10 

* 

0.20 

,  2,62 

[     75 

1^45,6C 

1,222,4( 

1,108,2( 

.  753,3( 

603.2( 

600,11 

395,21 

344,01 

263,81 

262,21 

199,9' 

191,6 

154,0 

151,4 

117,6 

101,8 

83,5 

67.0 

62.9 

41,2' 

31,4' 


THE     engineer's     HANDY-BOOK*  655 

QUESTIONS. 

I  some  of  the  important  properties  of  metals. 

e  specific  gravity. 

would  YOU  obtain  the  specific  gravity  of  a  piece  of  brass  ? 

of  a  piece  of  wood  ? 

.  metal  is  most  useful  on  account  of  its  malleability  ? 

;  on  account  of  its  ductility  ? 

tout  what  temperature  does  iron  melt  ? 

h  would  be  used  in  a  piece  of  iron  subject  to  tension — 

nrrought  iron  ? 

effect  on  the  strength  of  steel  does  an  increase  in  the  per- 
of  carbon  have  ? 

effect  upon  its  ductility  ? 

is  a  factor  of  safety  ? 

factor  is  ordinarily  used  where  the  load  is  a  steady  one? 
cannot  the  tables  for  crushing  strength  be  used  in  long 

? 

the  atomic  weights  and  chemical  equivalents  of  the  dif- 

letals  in  use  at  the  present  day. 

h  is  the  most  useful  metal  ? 

:he  weight  of  a  cubic  foot  of  wrought-or  cast-iron. 

the  component  parts  of*  cast-iron. 

lat  two  elements  is  steel  composed  ? 

the  heat-conducting  properties  of  copper,  brass,  cast-  and 

-iron. 

3  tensile  strength. 

the  tensile  strength  of  copper,  brass,  gun-metal,  wrought- 

-iron. 

does  the  tensile  strength  of  wrought-iron  compare  with  its 

sive  strength  ? 

the  proportions  of  carbon  in  the  various  grades  of  iron 

1. 

the  different  proportions  of  the  metals  7j\i\c^iox\Xi^^\5»s»a» 

Muijtz  metal,  gun-metal,  Babbitt  met«i\,axidi\>xQWT&  ^i^^^ 
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Give  the  composition  of  fusible  metal  which  melts  at  a  temj 
ture  of  212^  Fah. 

Give  the  rule  for  finding  the  approximate  weight  of  iron 
ings  from  the  weight  of  the  pattern. 

Give  the  shrinkage  various  metals  undergo  in  the  proce! 
casting. 

Give  the  weight  and  h^]k  of  several  subetanoes  in  cubic 
pounds,  and  tons. 

Give  the  extension  of  wrought-  and  cast-iron  at  various 
peratures. 

Does  wrought-iron  increase  in  strength  up  to  a  certain 
perature  ? 

Is  the  tensile  strength  of  copper  increased  by  the  applio 
of  heat? 

Give  the  composition  of  a  good  non-conductor  for  prevei 
radiation  of  heat  in  steam-boilers,  cylinders,  pipes,  etc. 

For  what  is  lead  principally  used  in  electrical  work  ? 

What  are  some  of  its  other  uses? 

How  does  it  compare  in  weight  with  iron  7 

What  is  the  melting-point  of  lead  ? 

Why  is  it  us^ed  for  water  pipes? 

What  is  an  I  beam  ? 

Which  part  is  the  web? 

Which  part  is  the  flange? 


BLBOTRIOITY. 


CHAPTER  XXIX 

TNDAMBNTAIi  BXPERIMBNTS,  PBOPBRTIES,  AND 

UNITS. 

^ARiED  as  is  electrical  apparatus,  and  wide  as  are  its  uses,  a 

simple  experiments  contain  the  germs  or  fundamental  princi- 

.  on  which  such  apparatus  depends.     If  a  plate  of  zinc  and 

late  of  carbgn  be  immersed  in  a  solution  of  chromic  acid, 

lout  touching  each  other,  and  if  now  they  are  connected  by 

ins  of  two  wires,  preferably  of  copper,  one  attached  to  each, 

e  very  peculiar  effects  can  be  observed. 

!xperiment  I. — The  wire  connecting  them  will  be  heated.    If 

»e  short,  it  will  be  heated  more  than  if  it  is  long,  and  if  it 

of  a  size  about  No.  18  and  only  a  few  inches  long,  it  will 

ome  quite  hot. 

'xperiment  2. — If  a  compass-needle    or    a  bar-magnet  be 

ught  near  the  wire,  the  magnet  will  tend  to .  assume  a  direc- 

i  crosswise  to  the  length  of  wire.     This  tendency  is  manifested 

my  point  along  the  length  of  wire. 

ixperiment  3. — If  we  separate  the  wires  from  each  other  and 

them  into  a  solution  of  copper  sulphate,  one  of  the  wires,  that 

iched  to  the  carbon  plate,  will  gradually  be  eaten  away,  while 

other  will  increase   in  size   by  an   equal   amount  owing  to 

;allic  copper  depositing  upon  it.     There  appears  to  be  set  up 

urrent  of  something  which  takes  the  copper  fto\xi  wvfc  ^\xfe 

^ed  the  anode  to  the  other  called  the  colliode. 

4^  ^V\ 
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This  current  we  call  the  electric  current,  and  thougb  proda 
in  the  above  experiments  by  the  action  of  chromic  acid  on  i 
in  the  presence  of  carbon,  there  are  many  other  ways  of  proda( 
it.  Wherever  chemical  action  is  used  to  produce  electrical  < 
rent  the  apparatus  is  called  a  battery.  Other  plates  than 
aild  carbon  and  other  solutions  than  chromic  acid  may  be  u 
Zinc,  however,  is  usually  employed  for  one  of  the  plates, 
solution  must  be  one  capable  of  strongly  attacking  zinc, 
some  strong  acid  is  usually  employed. 

If  in  Experiment  No  3,  we  should  change  the  wires  so  thai 
one  formerly  connected  to  zinc  was  now  connected  to  coppei 
should  find  that  the  overgrown  wire  would  be  reduced  in  size 
copper  would  be  deposited  on  the  eaten  wire.  The  current 
dently  flows  from  the  carbon  plate  to  the  zinc  plate.  This  ex 
ment,  then,  will  enable  us  to  determine  in  what  direction  a  cui 
is  flowing  in  any  circuit,  for  we  can  run  wires  from  the  term 
of  the  electric  generator  into  a  solution  of  copper  sulphate 
almost  any  soluble  salt  of  a  metal)  and  note  on  which  wire  n 
is  deposited. 

Another  method  of  doing  this  is  by  means  of  the  com 
needle  or  any  freely  suspended  magnet.  The  north-seeking 
will  always,  if  you  imagine  yourself  swimming  with  the  cui 
and  facing  so  as  to  look  at  it,  move  toward  your  left. 

The  effect  on  the  needle  becomes  very  much  stronger  H 
wire  is  coiled  around  and  placed  with  the  compass-needl 
its  axis.  When  this  is  done  the  force  acting  on  the  need 
proportional  to  the  number  of  turns  in  the  coil. 

Galvanometer. — A  coil  of  wire  with  its  terminals  connect< 
convenient  binding-posts,  and  having  mounted  in  its  axis  a  fi 
sus])onded  small  magnetic  needle,  is  used  for  detecting  and 
moasurinjr  currents,  and  is  called  a  galvanometer.  If,  for  e: 
pie,  we  wanted  to  find  whether  a  combination  of  a  zinc  p 
a  copper  plate,  and  a  solution  of  sulphuric  acid  would  pro 
"•  electric  current,  wc  \\ov\\(\.  eo\\w^^\.  Vyj  \v.  Q,o\>\;ier  wire 
g-post  of  the  galvanomeVoT  \,^  \X\^  T:\\\Q,>^"aX^^\ASi«\^ 
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;he  copper  plate  and  see  if  the  needle  were  moved.  If  so,  We 
uld  know  that  an  electric  current  was  produced,  and  by  the 
^unt  of  the  movement  we  should  judge  of  the  strength  of 
rent.  Experiment  2  therefore  contains  the  germ  of  current- 
)£uring  instruments  as  well  as  chemical  electrical  generators, 
periment  1  is  evidently  the  basis  for  the  modem  electric  heat- 
device  and  also  of  another  class  of  current-measurements. 
3  third  experiment  is  the  fY)undation  of  electro-plating  and 
?tro-metallurgy. 

Experiment  4. — Suppose  we  connect  a  coil  of  wire  by 
ans  of  pieces  of  wire  id  a  galvanometer  some  distance  away 
I  then  suddenly  bring  a  strong  magnet  near  the  coil :  the  needle 
^he  galvanometer  will  give  a  sudden  jump  and  will  finally  come 
rest  after  the  motion  of  the  magnet  ceases.  This  shows  that 
moving  a  magnet  and  a  coil  of  wire  relatively  to  each  other  ' 
electric  current  is  produced,  lasting  only  while  the  motion  is 
ng  on.  It  makes  no  difference  which  is  moved,  the  magnet  or 
t  coil,  or  both,  provided  the  distance  between  them  is  changed, 
J  current  will  be  produced  during  motion.  If  the  motion  be 
the  opposite  4irection,  the  motion  of  the  needle  will-  be  reversed, 
iwing  that  the  direction  of  the  current  is  reversed.  A  current 
Hluced  in  thi§  manner  has  all  the  properties  of  a  current  pro- 
ced  by  chemical  action,  such  as  heating,  decomposing  chemical 
utions,  depositing  metals  from  solutions,  etc.,  and  is  identical 
:h  it.  This  experiment  contains  the  germ  of  the  dynamo,  which 
all  its  varied  forms  consists  of  a  magnet  or  magnets  and  a  coil 
coils,  moving  relatively  to  each  other. 

Lines  of  magnetic  force,  or  lines  of  force  more  briefly,  are 
5  lines  in  the  direction  of  which  magnetic  force  acts,  and  they 
3  the  lines  along  which  a  very  short  magnet  will  set  itself  if 
5  magnet  is  absolutely  free  to  move.  The  positive  direction  is 
3  direction  which  a  free  north-seeking  pole  would  take.  Every 
ignet,  of  course,  exerts  force  on  a  magnet  near  it,  and  the  space 
lund  a  magnet  where  this  force  is  exerled  \^  c^^^  \\j^  ^^^. 
verjr  neat  and  easy  method  of  observing  IW  \x«^X\rc^  ^H,  \5w^^^^ 
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of  a  bar-magoet  is  to  place  the  magnet  under  a  piece  of  o; 

window-glass  and  scatter  iron  filings  on  the  top  side.    T 

gentlj  tapping  the  glass  the  filii 

assume  the   appearance  shown 

figure.     The   filings,    which  ari 

magnets,  set  themselves  iu  the  dii 

of  the  lines  of  force  and  map 

field.     Notice  that  the  lines  are 

at  the   ends  or  poles    of  the  i 

showing  that  the  strength  of  the 

or  intensity  of  the  field  is  gre 

this  point.     If,  as  in  Experiini 

coil  of  wire  were  brought  near  this  magnet,  the  wires  wo 

across  the  lines  of  force,  so  that  we  say  that  whatever  a  ec 

euts  lines  of  magnetic  force  an  deetric  pressure  vnll  be  prodii 

We  know  by  experiment  that  the  pressure  produced  is 

tional  to  the  rate  of  cutting— i.  e.,  the  number  cut  per  sec< 

The    direction    of  the    induced    current   depends  up 

relative  direction  of  the  lines  of  force  and  the  motion  tif  t 

ductor.     A  very  neat  rule  for  finding  in  what  direction  t1 

rent  will  fiow  is  due  to  Prof.  Fleming. 

Point  the  forefinger  along  the  positive  direction -of  the  m; 

lines  and  point  the  thumb  streti 

right  angles  in  the  direction  in 

the  conductor  moves.     If  now  t 

end  finger  be  stretched  at  right 

to  both  thumb  and  forefinger, 

point  in  the  direction  of  the  ii 

current. 

When  the  moving  wire  is 

shape  of  a  coil,  another  rule  it 

more  convenient.    Looking  iiloi 

itioD  of  the  lines  of  force,  if,  owing  to  the  nrnl 

infbet  evidcaftA  Vi'j  '*.  SMWL'ais.VLeB,  the  curm 
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r  there  is 


e  carrying  ourrent,  and 


tased,  the  cnrreiit  will  flow  around  left-handed ;  and  i 
change  in  the  number  of  lines  eucloeed  there  will  t 
It  induced. 

Lines  of  Force  due  to  a  Current.— Experiment  No.  1  Bhows 
It  there  are  lines  of  force  around  a  w 
we  carry  a  wire  through  a  piece  of 
iss  and  sprinkle  iron  filings  on  the 
BB  they  will  settle  in  circles  centred 
:h  the  wire,  as  shown  in  the  figure. 
Experiment  5. — If  current  from  s 
ttery  or  dynamo  be  led  through  wire 
led  around  a  piece  of  iron,  the  iron 
mmes  etrongly  magnetued,  as  ne  nay ; 
it  is,  it  exbihita  the  properties  of 
nagnet,  attracting  other  pieces  of 
n,  and  having  polarity,  one  pole  attracUug  the  north  seeking 
le  of  a  compasB-jnagnet  and  the  other  repellmg  it  Such  a 
ignet,  which  loses  practically  all  its  strength  when  current  la 
pped,  is  called  an  electro-roagnet,  and  is  used  in  all  or  nearly 
electrical  apparatus  where  a  magnet  is  needed  it  being  possible 
produce  a  much  stronger  electro-magnet  of  a  given  size  than 
]  be  done  with  a  permanent  steel  magnet 
Experiment  6. — Suppose  that  a  coil  of  wire  through  which 
electric  current  passes  is  suspended  so  that  it  turns  freely  and 
nagnet  is  held  near  it.  The  coil  will  turn  and  move  toward  or 
ay  from  the  magnet,  according  tn  which  pole  is  held  toward  it. 
the  coil  is  mounted  so  that  ila  only  possible  motion  is  to  revolve 
out  one  of  its  diameters  .as  an  axis,  it  will  turn  into  a  certain 
jition  and  then  stop  there.  If  at  that  moment  the  other  pole 
the  m^net  is  presented  to  it,  or  better,  if  the  direction  of  , 
rrent  through  the  coil  is  reversed,  the  coil  will  rotate  through  ■ 
other  half  turn,  and  if  again  the  current  is  reversed,  the  coil 
II  keep  on.  Such  a  device  when  the  ourrent  is  automatically 
'eraed  at  just  the  right  time  twice  iu  eac\i  ToU.<\.iaTv  ^  'Cn'&  wJi.''* 
ieatfy  ao  electric  motor. 


•y^2  THt:    i5r~*z=:if    haxpy-book. 

Expef-iitenr  "  — Svimiiise  «*  nctv  the  tame  coil  of  lir 

::  ir^r.-^r^it.:;  -».  «-.:..!:  ¥-  ¥_  stL  c:«ii  Xo.  1,  coDnected 
j;^." -i-.^t'.-r  zj.^  i-i.-  r  i  --:-.-: iic  :*:il  attached  to  a  bat 
.V  .-— -^  ;:  i-  T  »:::*;  .^.r  i^  :•:»_  N;;.  2.  but  not  through 
>  .'■-  *  .:  .-.ur^  N  ▼  -I'.-ioiii-j  iisiM'iinect  the  battery 
*.!.  >..  -  Tic  iiei^i-T  .r  z:itt  rtlTtujffirrter  will  give  ago 
u::.^.  sj.  ^:::i:  *-:2=i=^  J;'  K.»":ci:::r  li»f  c:irrent  through £oil' 
1  .iirr^a:  i^fc  >ec2  7:*.^.  -  .-.-i  c  H'lz-^ed.  a*  we  sav,  in  coil  ] 
ili::^  «i^  -"ii^  X  . .  1  =•::.:  .-  j  jt-xr-i  ■■:  >:■:!  No.  2  in  any  vay 
AH'tiiK-iL  .r  :**,  :i:-  I'-.-z-i.':  r  it*:  ptlri&zjometer  will  come  t 
i:  .:>  ;r-^jal  7».a^.  .::.  ?c. vz:^  u^:  :r-r  current  has  ceasec 
•V  :ac  :ar:<ir-  :t  *.  c  :':-.-9r-:  :.  :•:■..  N:,  2  again,  the  need! 
-.  iZ'.c::cr  -t.j.  :^:  :.:  -  :  .i:-  n  ti-^  rT^^fit*- direction,  sb 
.;.::_:'.■  :;*.\.c  .-'-\3:  a^  ji  lie  •-••.i?-::^  direction.  Iftheci 
•*  .-: :  '/J.:,.-.  >.  .^  >:  .TT*:*i  rCiirf'.T  we  re  diminished  aD( 
—  :.f^-:  V-  >:  .  .  >-.r  :  T  i— :*...r  iT-  ^^^  ODC  wav  aud  th< 
•    :-■-->   --    \     ^'T.tiiT-  .-^zirrf  :e  the  strength  of  CI 

.  --:  I :  :r.  Xo.  1.     Looked  al 

T-   :"r.v  current  in  coil 

•  .   "'  •-•^  sre  enclost^d  bv 

:   -:    .  jrr'.n;  is  diiuiiiMu 

--: . :  >  indiic-ed  in  the  **[ 

-  i-'t  ::•  t-:ich  other  the  ii 

-   ■.'.    -  :r:v:uced  into  the  a: 

..        -.^  t!  ;rniou5lv  irreatt-r 

^  V-  ■:?.  a  c;-n^ni"n  irc'i 

--        •  r::.:i:»Ie  than  the  m 


„        4 


-  -    >: 


«jr, . 


•.:  :he  leninh  of  xh 

..  -we  s-hs'il   be  una' 

r- : :.     If  a  sal  vane 

:'■  V  r.r-:d]f  note-l  ani 

:>■•:.  x'vir  «:tl3eLii'»n 
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curently  the  greater  length  of  wire  offers  a  greater  resistance 
lie  flow  of  current,  whence  comes  the  idea  that  every  electrical 
suit  possesses  resistance, 

Lleotro-motive  Force. — ^If  now  we  should  connect  two  batteries 
Andem  and  connect  their  free  terminals  to  the  galvanometer, 

should  find  the  deflection  of  the  needle  much  greater  than 
^re,  which  means  that  the  flow  of  current  is  greater.  One 
tiery  of  a  difierent  type  might  produce  a  similar  result.    Afi 

resistance  of  the  circuit  is  apparently  not  changed,  but  the 
w  of  current  is  much  greater,  reasoning  by  analogy  from  fluids 
should  expect  that  there  was  such  a  thing  as  electrical  pressure, 
I  that  the  use  of  two  batteries  in  tandem  had  increased  it.  The 
strical  pressure  which  tends  to  force  a  current  against  the 
ifltance  of  a  circuit  is  variously  spokeii  of  as  electric  pressure^ 
irenee  of  potential,  electro-motive  force  (written  e.  m.  /.),  and 
<age. 

Jnits.^-In  order  to  deal  intelligently  with  any  substance  or 
oe  it  has  always  been  found  necessary  to  have  some  means  of 
Bsuring  it.  Thus  with  gas  we  want  to  know  the  quantity  flow- 
;  per  minute  and  its  pressure ;  with  water  the  same  things ; 
;h  gravity  we  want  to  know  how  much  more  it  acts  on  one 
iy  than  on  another.  We  therefore  have  to  "fix  upon  some 
lyenient  standard*  of  the  substance  or  property  we  want  to 
tasure,  and  agree  to  call  it  a  unit.  For  example,  the  unit  of 
Lgth  or  distance  is  a  certain  carefully  made  standard  rod 
rided  into  three  parts,  each  of  which  we  call  a  foot,  and  we 
iasure  all  distances  by  seeing  how  many  times  a  copy  of  this 
i  is  contained  in  the  distance  to  be  measured.  The  iinit  of 
iight  is  a  certain  carefully  constructed  weight,  which  we  call 
pound,  and  all  other  weights  are  compared. with  this  or  with 
teful  copies  of  it,  and  if  a  certain  body  is  equal  in  weight  to 
1  of  the  standard  we  say  its  weiglit  is  ten  pounds. 
The  common  electrical  properties  which  it  is  necessary  to  meas- 
e  are  current,  eJect?o-njotive  force  (pre^^ure^,  vvcivi  \^i\^\»x^^*^. 
ring  to  the  peculiarity  of  tlie.se  properties  \\.  \^  \i^^"ss»x^  "^ 
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establish  or  agree  on  new  units  by  which  to  measure  them, 
names  of  these  units  have  been  taken  &om  those  of  great 
erers  in  electrical  science. 

The  unit  of  current  is  called  the  ampdre,  after  a  noted 
physicist,  and  it  is  that  current  which  will  in  one  second  d 
from  a  standard  solution  of  silver  nitrate  .001118  gram  (.01! 
grain)  of  silver  on  the  cathode  plate.      This  unit  is  a  rate 
flow,  and  is  in  its  nature  similar  to  a  rate  of  1  gallon  of  water 
second. 

Of  course  no  one  in  measuring  a  current  goes  through  the 
process  of  measurement  by  means  of  depositing  a  metal-  any 
than  in  order  to  measure  a  length  he  makes  a  journey  to 
British   Museum  to  get  the  standard  yard-stick.     Conv 
instruments  working  on   the  principle  of  a  galvanometer 
made  so  that  when  a  current  of  one  ampere  flows  through 
coils  their  needle  points  to  1 ;  with  a  current  of  2  amperes, 
to  2,  and  so  on. 

The  unit  of  electro- motive  force  or  pressure  is  named  the  toK 
after  an  Italian  scientist,  Volta.  It  is  the  electrical  preffioi* 
furnished  by  a  certain  kind  of  battery  whose  poles  are  zinc  tfi 
mercury.  [As  a  matter  of  fact  the  form  of  cell  commonly  nsd 
as  a  standard  has  an  e.  m.  f.  of  1.45  volts  instead  of  1  volt,W 
the  definition  of  the  unit  is  clearer  if  we  assume  that  the  standul 
cell  gives  exactly  one  volt.] 

The  unit  of  resistance,  called  the  ohm,  is  the  resistance  d 
a  column  of  mercury  41.85  inches  long  and  weighing  223  grafli 
at  32°  F.  The  standard  ohms  for  common  use  are  made  of  wirt 
instead  of  mercury,  either  German  silver  or  an  alloy  of  copptf 
and  nickel  called  platinoid  being  used. 

The  unit  of  power  is  named  the  Watt,  after  James  Watt,  aJ 

is  equal  to  y^  of  one  horse-power.     A  convenient  multiple  rf  I 

this  is  called  the  Kilowatt,  written  K.  W.,  and  is  equal  to  1000 1 

watts.     Four  horse-power  are  very  nearly  equal  to  3  kilowatte. 

or  /  Jf.  P.  =  I  K.  W.  very  wesiTVy. 

Multiples  of  Units.— 3\\ataa\\.\^eow«iA«i\.\ftVw^\s^^^ 


m 
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.  foot,  such  as  a  mile,  rod,  or  inch,  so  in  electrioal  work  multi- 
of  the  above  units  are  found  useful.    The  following  prefixes 
commonly  used : 

1  megohm  =  one  million  ohms ; 

1  microhm  =   "    millionth  part  of  1  ohm ; 

1  kilowatt  =   "    thousand  watts. 

he  prefixes  meg,  micro,  and  kilo  can  be  used  with  other  units 
I  as  above  illustrated,  but  such  use  is  somewhat  rare. 
aw8  of  Resistance. — The  resistance  of  a  wire  or  conductor 
mds  on  its  length  and  the  area  of  cross-section.     The  greater 

length  the  greater  the  resistance.  The  greater  the  cross- 
ion  the  leas  the  resistance.  Although  this  last  is  sometimes 
iblesome  to  understand,  it  is  quite  analogous  to  the  resistance 
red  to  the  flow  of  water  in  a  pipe ;  the  greater  the  section  of 

pipe  the  easier  water  flows  through ;  that  is,  the  leas  is  the 
stance  offered. 

Sample. — A  certain  wire  10  feet  long  has  a  resistance  of  2  ohms, 
lat  will  be  the  resistance  of  200  feet  of  it  ? 
ins.— 20  X  2  =  40  ohms. 

Example. — 100  feet  of  wire  -j^"  diam.  have  a  resistance  of  1  ohm. 
bat  will  be  the  resistance  of  100  feet  of  the  same  kind  of  wire 
t  having  a  diameter  of  tj^"  ? 

ins.  Since,  the  diameter  is  one-half  as  great,  the  area  is  one- 
irter  as  great,  therefore  the  resistance  of  the  second  wire  is  four 
les  as  great  as  that  of  the  first. 

Conductivity  is  the  reverse  of  resistance,  and  the  conductivity 
a  wire  having  a  resistance  of  say  10  ohms  is  one-tenth,  or  one 
ided   by  whatever  the   resist- 
«  may  be. 

Resistances  in  Multiple. — Two 
more  wires  are  in  multiple  or 
allel  when  they  are  connected 
^bowD  w  the  £gure.     To  find  the  joinli  rea\&taiiefe  iTOxa.  A  \Ki  "B 
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when  the  reastance  of  one  path  is  Fohms  and  bj  the  other  pi^ 

^ohms. 

E  Y 

The  joint  resistance  from  -4  to  JB  =  p  ,   y 

Example. — Two  resistances  of  10  ohms  and  20  ohms  are  joim 
in  multiple.     What  is  their  joint  resistance? 
.       10  X  20     200  •,    , 
^^-  20  +  10  =  W  =  ^^^°^ 

With  three  resistances,  having  values  of  Xohms,  yohins,fl| 
R  ohms  each,  connected  in  multiple,  their  joint  resistance  is 

RXY 

RX+EY+XY  J 

Example, — Suppose  three  lamps  having  resistances  of  200,  II 

and  50  ohms  respectively  are  connected  in  multiple.    What! 

their  joint  resistance  ?  { 

.        200>^  100x50 1,000,000  . 

200x100  +  200x50+100x50""    35,000    — ^-^^^^ 
When,  as  in  the  case  of  incandescent  lamps,  the  resistance 
each  branch  is  the  same,  the  joint  resistance  is  equal  to  the 
ance  of  one  divided  by  the  number  of  lamps. 

Example, — A  certain  lamp  has  a  resistance  of  200  ohms.  Wl 
would  be  the  joint  resistance  of  200  of  such  lamps  connected  i 
parallel  ? 

Resiatances  in  Series. — When  two. resistances  are 
tandem  or  series,  their  joint  or  total  resistance  is  equal  to  the 
of  .their  individual  resistances. 

Specifle   resistance  is  a  term  having'  the  same  relatioi 
resistance  as  specific  gravity  has  to  weight.     It  is  usually 
In  microhms  (million ths  of  an  ohm)  per  cubic  centimetre  or] 
NO  inch.    From  a  taXA^  ^i  ^'^d^^  x^Utances  and  the  hni 
Lti(m  of  resistatvee  mAv  \«vi^  wjA  <s^^2«i^'«ftf:^^^^'^^^ 
^Ux  may  \>^  e^X^xA^^'^- 
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Table  of  Relative  Besistances. 

{Sfibttances  arranged  in  order  oflnereasmg'Besidancefor  same  UngA 

and  sectumal  area,) 


HiraooiMcfts]* 


Besistsnce  in  IQetohins 

at  V*  Centigrade. 

82°  Fahr. 


Cubio 
Centi- 
uetzcu 


Cnbio 
tnch. 


Belative 


gold, 
or  an 


SflycT,  annealed  . 
Copper,  annealed. 
Silver,  liard  drawn 
Copper,  hard  drawn 
Oolo,  annealed     . 
Gold,  hard  drawn 
Aliimininm,  annealed 
Zinc^  presBed  .    . 
Flajtinam,  annealed 
Iron,  annealed     • 
Oold-Bilyer  alloy  (2  oz 
'  1  oz.  silyer),  hard, 

nealed     »    .    •    . . 
Nickel,  annealed .    • 
Tin,  pressed    .... 
Lead,  pressed  .    .    . 
Gerznan  silver,  hard,  or  a^ 

nealed     •    • 

Platinum-silver  alloy   (1   oz 

platinnm,    2    oz.    silver), 
^'hard,  or  annealed 
Antimony,  pressed 
MercnzT     .    .    . 
Bismutn,  pressed  • 
Carbon  .... 


1*504 
1-598 
1-634 
1-634 
2-058 
2  094 
2-912 
5-626 
9057 
9-716 


10-87 
12-47 
13-21 
19-63 

20-93 


24-39 
36-60 
94-32 
131-2 


0-5921 

0-6292 

0-643a 

0-6433 

0-8102 

0-8247 

1-147 

2-215 

3*565 

3-825 


4-281* 
4-907 
5-202 
7*728 

8-240 


9*603 
13-98 
37-16 
51-65 


1 

1063 
1*086 
1-086 
1-369 
1-393 
1*935 
3*741 
6*022 
6-460 


7*228 
8*285 
8*784 
13*05 

13*92 


16-2t 
23-60 
62-73 
87-23 
14* 


Mon- conductors. — The  metals  generally  have  a  fairly  low 
icific  resistance  and  are  therefore  classed  as  good  conductors, 
•n-metals  have  a  high  specific  resistance,  and  are  called  non- 
iductors  or  insulators,  and  are  used  for  supporting  or  covering 
res  to  prevent  leakage  of  electrical  currents  from  them. 
The  foUowing  table  gives  the  approximate  tA«AKs^  \<^\^axkS3^ 
wveraJ  of  tbem  referred  to  copper  as  a  standai^. 
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Copper 1 

Paper .30O,00O,OOO,OOO,000,QDa 

Porcelain ..4,000,000,000,000,000,00a 

Mica. •. 14,000,000,000,000,000,00a 

FHnt  glass 130,000,000,000,000,000,00a 

Gutta  percha. 280,(K)O,OOO,OOO,OOO,O00,00a 

Wood  tar. : l,0OO,0OO,OOO,OOO,OOO,O(K),00a 

Shellac 6,600,000,000,000,000,000,000. 

Ebonite 17,100,OOO,0OO,OOO,OOO,O00,00a 

Paraffin  wax 20,000,000,000,000, 000, 000,00a 

The  above  values  for  the  resistance  of  iDSulators  are  only 
proximate,  as  their  measured  resistance  will  be  difierent  accoi 
to  the  electrical  pressure  with  which  they  are  tested,  higher 
ured  values  being  obtained  when  a  small  testing  pressure  is 
Mineral  oils  are  also  very  good  insulators  if  they  are  prevent 
from  absorbing  moisture  by  being  kept  from  contact  with  air. 

Change  in  Resistance  withXhange  in  Temperature.— 1 
metals  wlien  heated  increase  in  resistance,  the  percentage  of 
crease  for  each  degree  rise   in  temperature  being  equal  for 
same  metal,  although  this  percentage  varies   somewhat  in 
different  metals.     The  following  table  gives  the  increase  in 
ance  of  1  ohm  for  one  degree  rise  in  temperature,  in  the  case 
some  common  metals. 


Aluminum 0022 

Copper 0025 

(it'rman  silver 0001 

Iron 0025 


Mercury.. 
Platinum. 

Silver 

Tin 


Load 0022;  Zinc 


Knimple. — A  ccrtnin  copper  wire  has  at  60*^  F.  a  resistance* 
200  ohms.     Wliat  will  the  resistance  be  at  100°  F.? 
A  „s.  200  !   .002:)  X  40  -  200  +  .1  =  200.1  ohms. 
Non-conductors  (llnrinish  in  resistance  as  they  are  heated. 
('}inni:o,  is  nuieh  ^^reiitev  than  with  metals  and  much  less 
In  tlw.  case  of  car\)o\\  l\\e  v\\w\\^^  \wT^^\axtfife  Vs^l^hm  is 
'^  olim  per  degree. 
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^raotioal  Use  of  Conductors  and  Insulators. — For  carrying 
trical  energy  from  the  point  where  it  is  generated  to  the 
kt  where  it  is  to  be  used  we  want  to  use  such  material  and 
uch  size  that  the  resistance  of  the  circuit  does  not  exceed 
onable  limits,  although  we  must  be  guided  by  consideration 
he  first  cost.  Cop{)er  has  the  lowest  specific  resistance  of  the 
men  metals  and  is  generally  employed,  although  if  aluminum 
much  lower  in  price  than  now  (30  cts.  per  pouud),  it  will  be 
rious  competitor  to  copper.  Iron  is  used  only  on  short  tele- 
)h  and  telephone  lines.  It  is  evident  that  the  circuit  should 
a  direct  as  possible,  as  the  greater  its  length  the  greater  its 
stance,  and  therefore  the  greater  is  the  amount  of  energy  lost 
he  line. 

isulators  are  used  to  prevent  current  from  being  led  off  the 
luctors.  For  all  work  except  outdoor  work,  and,  indeed,  for 
rge  part  of  that,  the  conducting  wire  is  covered  with  one  or 
e  layers  of  some  compound  of  rubber  which  is  a  good  insulator, 
thicker  this  rubber  covering  the  better  its  insulating  proper- 
for  we  have  made  the  path  of  leakage  of  current  longer  by 
kening  the  rubber  coating.  A  further  protection  is  given  by 
tending  the  wires  at  intervals  on  porcelain  or  glass  or  other 
lators,  so  that  the  wire  only  comes  in  contact  with  its  coating, 
jelain,  or  the  air,  which  is  also  an  exceedingly  good  insulator, 
jum  up  briefly,  make  the  path  through  which  you  want  the 
•ent  to  flow  as  short  and  easy  as  possible.  Make  all  possible 
:age  paths  as  long  and  narrow  as  possible. 
urrent  Effects. — Heating. — The  passage  of  current  through 
conductor  heats  it  by  an  amount  depending  on  the  resistance 
he  conductor  and  the  strength  of  the  current.  If  we  pass 
lUgh  a  conductor  having  10  ohms  resistance  a  current  of  10 
►^res  and  the  same  current  through  another  conductor  haviilg 
>hms  resistance,  the  heat  units  developed  in  the  latter  will  be 
ble  the  number  produced  in  the  former  coil.  This  result, 
vn  by  repeated  exj^eriment,  is  of  very  gTe?ki\.  \Ti\\sQ>T\svxv^<i^  ^w^ 
pressed  b^ saying  that  the  heating  eJTect  is  directly  •profgw^iW^'^ 
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to  the  resistance.    If  the  resistanoe  is  small,  the  heating  is  am 
if  the  resistance  is  zero,  the  heating  is  zero. 

If  now  through  a  conductor  having  10  ohms  resistanoe  we  ] 
a  current  of  10  amperes  and  measure  the  heating  eft&oi,  am 
we  next  double  the  current,  making  it  20  amperes,  we  shall 
that  the  heating  effect,  instead  of  being  twice  as  great,  is  four  ti 
as  great  as  before.  With  a  current  of  30  amp^red  the  hea 
would  be  nine  times  as  great.  In  other  words,  the  heaHngt 
is  proportional  to  the  square  of  the  current  If  a  current  < 
amperes  passes  through  a  resistance  of  R  ohms,  the  heating  e 
— that  is,  the  number  of  heat  units  produced  per  secoiid 
.00096  C'i?,  or  CXCXRX  .00096. 

The  utilization  of  the  heating  effect  of  the  electric  currei 
seen  in  electric  stoves,  cooking  utensils,  car  heaters,  soldering  ii 
etc.,  etc.  Wires  carrying  currents,  if  too  small,  may  becoin 
heated  as  to  set  fire  to  wood  in  the  vicinity,  and  on  this  aco 
insurance  underwriters  have  adopted  a  table  showing  the  lai 
current  which  different  sized  wires  Will  safely  carry. 

Electrolytic  Effects. — In  Experiment  No.  3  it  was  shown 
^n  electric  current  decomposes  solutions  of  metallic  salts 
deposits  the  metal  on  the  cathode  plate.  One  ampere  will  ab 
deposit  .017  grain  of  silver  in  one  second,  whether  the  soli 
be  silver  nitrate,  silver  sulphate,  or  any  salt  of  silver, 
ampere  will  always  deposit  a  definite  qUv«»ntity  of  gold  in 
second  whatever  be  the  salt  of  gold  used.  This  quantity  depa 
in  one  second  by  a  current  of  one  ampere  is  called  the  ele 
chemical  equivalent  of  the  substance.  Two  amperes  will  de] 
twice  as  much  as  one  ampere  in  one  second  ;  three  ampdres,  t 
times  as  much,  and  so  on. 

Electro- metallurgy. — The  electrolytic  effects  of   the  ele 

current   are   employed   practically  in   electro-plating  either 

type-printing   or  for   covering  cheap  metals  like   brass,  cof 

iron,  or  German  silver  with  one  or  more  layers  of  nickel,  si) 

or  gold.     The  general  tt\o\\\c>d  \^  U>  q.wiw^^\.  -e.  ^w\tahle  cun 

•encrator,  either  a  battery  ox  \o\N-\>\'^^^\x^'i  ^>3w^\s\Q,\ft  ^^'^ 
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!eB  suspended  in  a  tank  containing  a  solution  of  some  salt  of  the 
al  we  wish  to  deposit.    The  anode  must  be  made  of  this  same 
b1,  while  the  object  to  be 
ed  is  hung  to  the  cathode.    f= 
order  to  secure  a  tough,       ^ 
brm   deposit  it  is  neces- 
to  have  a  certain  rela- 
between    the     current 
3gth  and  the  number  of  ^ 
tre  inches  of  surface  on 
object  to  be  plated.     For  example: 

Copper,  in  an  acid  solntion,  about  3  amperes  per  100  sq.  inches. 

Copper,  in  cyanide  solutiosi,    "  2       " 

Zinc,  2       " 

Silver,  2       " 

Gold,  1  ampdre 

Brass. 

Nickel,  at  first  8  and  diminish  to  2  amperes 

ressure  Required.— Different  baths  require  different  pressures, 
lay  be  seen  in  the  following  table : 

)er,  acid about  1.5  volts.   Silver about  1  volt. 

)er,  cyanide "     4        <♦       Brass "     4  volts. 

I «    2        "       Nickel "     4    " 

luantities  Deposited  in  one  Hour  by  One  Ampere — 

)er 18  grains.    Nickel 15.5  grains. 

I 35.5   "        Silver .-.62  " 

I  electro- plating  the  object  is  first  rinsed  in  a  solution  of 
jtic  potash  to  remove  all  grease,  then  rinsed  in  water  to  remove 
potash,  and  finally  hung  in  the  plating-bath.  After  a  suf- 
ntly  thick  coat  has  been  deposited  it  is  taken  out  and  rinsed 
rater  and  then  dried  and  polished. 

lectro- motive  force,  or  electrical  pressure,  may  be  produced 
nany  different  ways,  such  as :  (1)  by  rubbing  two  different 
itances  together,  as  siJk  and  glass ;  (2)  \)y  \ve«k\ATi^  X."^^  $iS!Sfcx«oN» 
iJb  which  are  joined  together;  ("S)  by  c\i^m\Q»\  ^\crDi^  ^a^ '^^ 
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the  battery ;  (4)  by  moving  a  magnet  relatively  to  a  ochI,  : 
the  dynamo.  Of  these  the  last  is  the  most  common,  becai 
has  proved  to  be  the  most  economical.  The  chemical  m 
stands  next  in  importance,  being  used  where  only  small  am 
of  energy  are  needed. 

When  two  points  or  objects  are  at  different  electric  pre 
a  current  will  flow  from  one  to  the  other  if  a  conductor  is 
to  connect  them.  This  current  will  persist  till  enough  elect 
has  flown  from  the  high  pressure  point  to  the  lower  to  eqi 
the  pressure.  Conversely,  if  we  connect  two  points  by  a  c 
passing  through  a  sensitive  galvanometer,  if  its  needle  i 
deflected  it  may  be  assumed  that  the  points  are  at  the 
electrical  pressure. 

An  actual  mechanical  force  is  exerted  on  the  substance 
rating  two  points  at  diflerent  electrical  pressures,  and  this 
increases  as  the  difference  of  pressure  increases.  Whei 
difference  of  pressure  gets  large  enough  the  substance  is  act 
cracked  and  an  electrical  spark  passes  which  tends  to  eqi 
the  difference  of  pressure. 

Electrical  Pressures  in  Practice. — While  the  exact  valu 
the  same  classes  of  work  differ  somewhat,  the  best  values 
determined  for  each  special  case,  the  following  general  ideas 
be  of  value : 

For  ordinary  electric  bell  work,  from 2  to  A 

"         annunciator      "        '*    5  to  8 

telephone  work,  transmitter  circuit,  from 2  to  3 

electric  lighting,  alternate  current  systems  in  houses      52  to  1(M 

"             "        direct            "             "       HO  to  22C 

"       .     "                "       on  vessels 8C 

"       motors,       ''                «       110  to  22C 

railways 500  to  6(X1 

lighting,   alternate   current   system,   street 

mains 1100  to  2200 

power  transmission  to  distances  of  several 
miles ?AQQ  to  20,000 

'8    Law,   wh\c\\  \a  t\^^   T^\^\AO\X  ^lC\^^j«i^^^^\.^^^^\sw  ^ 
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asare  and  resistance  of  a  circuit,  is  the  most  important  law 
electrical  science,  and  an  intelligent  application  of  it  will 
re  most  problems  which  the  ordinary  engineer  will  meet. 
a  law  is  as  follows :  In  an  electric  circuit  the  total  current 
ip^res]  is  equal  to  the  total  electric  pressure  [in  volts]  di- 
ed by  the  total  resistance  [in  ohms].     In  shorter  form  it  is 

Kressed  by  the  formula  C^s  -p,  where  0=  current  in  amperes, 

=  pressure  in  volts,  and  B  =  resistance  in  ohms.    Several  ex- 

ples  will  illustrate  its  use. 

Sample  1. — In  a  certain  electrical  circuit  there  is  an  electro- 

bive  force  or  electrical  pressure  of  4  volts.     The  total  resist- 

e  of  the  circuit  is  2  ohms.    How  much  will  be  the  current  ? 

E 
ins. — C=  p  =  1^  =  2  amperes. 

Example  2. — What  electro-motive  force  or  electrical  pressure 
Bt  be  used  to  force  a  current  of  10  amperes  through  a  circuit 
3se  resistance  is  10  ohms? 

Irw.— C=  f  or  ^=  C  ii  =  10  X  10  =- 100  volts. 

Example  3.— If  under  a  pressure  or  electro-motive  force  of  100 
ts  we  get  a  current  flow  of  20  amperes,  what  is  the  resistance  of 
circuit  ? 

irw.— C=  ^or  i2  =  ^=  W  =  ^  0^"^- 

i^hen  there  is  more  than  one  electro-motive  force  acting  in  a  cir- 
t,  we  must  use  for  the  value  of  E  in  the  above  formula  the  result- 
.  of  all  the  separate  electro-motive  forces 
ing.   When  there  are  several  resistances 
1  circuit  their  sum  must  be  used. 
taample  4. — Suppose  we  have  two  batter- 
one  giving  2  volts  and  the  other  1  volt, 
ir  plates  being  zinc   and   carbon,  but 
event  solutions  being  used  in  each.  Con- 

tbe  zinc  of  on^  to  the  carbon  of  the  otYiei.  «i^^  \Wsx  ^^sw^ 
43 
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to  A  a'  piece  of  wire  having  a  resistance  of  say  10  ohms,  as  sho 
the  sketch.  When  connected  in  this  way — ^that  is,  in  8eri< 
helping  each  other — ^the  electro-motive  forces  are  added,  ai 
total  electro-motive  force  is  2  +  1,  or  3  volts.  The  ha 
themselves  have  some  resistance,  and  also  the  lead  wires  A 
B  jD.  Suppose  that  the  resistance  of  one  battery  is  4  ohms  a 
other  2  ohms,  the  resistance  of  A  C  and  B  D  each  1  ohm. 
the  total  resistance  of  the  circuit  is  10+  1+2  +  4+1  =  18 


The  current  will  be 


resultant  E 


H 


Total  :R=A=*^"P^'^- 
Example  5. — Suppose  that  one  of  the  batteries  was  revei 
that  the  two  zincs  are  connected  together  as  in  the  sketch.  Tl 

teries  now  oppose  each  other  and  the 
ant  or  effective  electro-motive  force  is 
or  1  volt. 

The  resistance  of  the  circuit  is  as 
18  ohms,  and  the  current  will  be  -^  a 
'^^^^J^^^J^^sixmAVJ>  Calculation  of  Current  in  Dividei 
cuits.— Suppose  that  the  battery  has  an  electro-motive 
of  2  volts,  that  its  resistance  is  J  ohm,  that  the  resistance 
lead  wire  ^  J5  is  3  ohms,  and  that  between  C  and  B  W( 
two  paths  of  resistance  10  and  20  ohms 
each.  What  will  be  the  total  current 
flowing  through  the  battery  and  through 
A  B?  First  find  the  total  resistance 
of  the  circuit.  The  joint  resistance  be- 
tween the  points  B  and  E  is,  as  previ- 
ously shown  under  ^'Resistance,"  equal  to 


10. 


to 


10x20 


200 


10+20 

The  total  resistance  of  the  circuit  is  therefore  65  +  J  +  3 

equal  to       =^=.2  ampdres. 


ohms.      The  current 


IS 


part  of  the  current  flows  through  each  branch  ?  Obvioui 
f^reater  part  of  the  curroivl  \\\\\^v^^  \>cv\QM'^\}c\&W«jichhavi 
einaller  resistance.     ^^x\  W^V^^^  ^'^  '^^^  >;kvx^xx'^'CteR.^ 
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*mncli,  and  f^  or  )  ampdre  will  flow  through  the  other 
"anch. 

Praotioal  Approximation. — If  the  resistance  of  batteries  or 
merator  and  the  leads  is  small  compared  to  that  of  the  main 
eistance  in  circuit,  we  may  neglect  them,  using  for  R  in  the 
rmula  the  resistance  of  the  external  circuit.  This  is  generally 
le  case  in  electric  lighting  circuits,  where  the  resistance  of  the 
^nerator  will  rarely  exceed  one-hundredth  of  an  ohm,  and  where 
ve  resistance  of  the  line  wires  will  usually  be  less  than  one- 
i^entieth  of  the  joint  resistance  of  the  lamps. 

Example. — On  a  110  volt  circuit  what  is  the  current  [total] 
hen  one  sixteen-candle-power  lamp  of  220  ohms  resistance  is 
imed  on?  £=110,  £  is  practically  220  ohms.  The  cur- 
jnt  =  ^^  =  J  ampere. 

What  is  the  current  [total]  when  two  lamps  are  turned  on? 

lie   jomt    resistance  of  two    similar    lamps   is    99/v  ,  99/^  = 

'o  I  ooA    ~  1^^  ohms,  or  half  th&t  of  one  lamp.     The  total  cur- 

-nt  =  14^  =  Uamp^re.  .  The  current  through  each  lamp  is  the 
une,  and  is  i  ampere  as  before. 

With  three  lamps  turned  on  the  joint  resistance  is  one-third  of 
20,  or  73J,  and  the  total  cur- 
ant  is  HS^'li   amperes,  and  T"       T"      f.^^ 

le  current  through  each  lamp     1^       r^      \^ 

I  still  i  ampere.     Turning  on 

ne  lamp  then  adds  i  ampere  to  the  total  current.     The  lamps 

re  connected  in  multiple  as  shown  in  the  figure. 

The  use  of  alternating  currents  complicates  the  calculation  of 
urrent,  pressure,  and  resistance  by  Ohm's  law,  and  the  method 
►f  making  such  calculations  is  outside  of  the  scope  of  this  book, 
nasmuch  ad  the  ordinary  engineer  would  rarely  be  called  upon 
Ddoso. 
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CHAPTER  XXX, 


EliECTBIOAIj  MEASUREMENT. 

The  four  quantities  which  the  engineer  is  likely  to'  wa 
measure  are  current,  electro-motive  force,  resistance,  and  p 
On  direct  current  circuits  the  measurement  of  all  these  is  si 
provided  instruments  of  proper  range  are  available.  To  d 
alternating  current-measurements  would  darry  us  beyonc 
scope  of  this  volume.  The  instruments  needed  are  an  ami 
and  voltmeter  of  proper  range.  Every  dynamo  switch-boar 
an  ammeter  and  voltmeter,  which  may  be  used  for  many  o 
methods  given  if  no  other  instruments  are  available.  Most 
plants  have  also  a  portable  voltmeter  made  by  the  Weston 
trical  Instrument  Company,  reading  from  0  to  150  volts, 
quently  a  second  scale  is  added,  reading  from  0  to  5  or  0 
volts,  which  is  very  useful.  With  the  addition  of  a  \V 
portable  ammeter  reading  from  0  to  15  or  0  to  25  amp^n 
engineer  is  able  to  make  most  of  the  measuremenfe  necessar 
These  instruments  consist  of  a  permanent  horseshoe  ra 
between  the  poles  of  which  is  a  coil  of  wire  swung  on  de 
jewelled  pivots.  The  terminals  of  the  coil  lead  to  two  bin 
posts.     The  instrument  is  a  reversal  of  the  galvanometer  ] 

ously  described,  as  in  the  galvanor 
the  coil  is  fixed  and  the  magnet  pi\ 
while  in  the  Weston  instrument 
magnet  is  fixed  and  the  coil  is  e 
ble. 

Measurement  of  Current.  ~Su] 
we  have  a  circuit  similar  to  that  i 
sketch  and  we  desire  to  measun 
current  taken  by  four  lamps.  If 
axe  \^>  eaw^W^QT^^T  (^16  c.  p.)  li 
J,   110-volt    circuit,  vje  kuov^   \\\^\.  XXi^l  ^"^  \aifc&  ^ 


I 


I 


^ 
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impure  each.     Therefore  to  measure  accurately  their  current 

need  ao  ammeter  intended  to  measure  small  currents.  To 
erapt  to  measure  it  with  the  switch-board  instrument  designed 

currents  of  several  hundred  amperes  would  be  like  trying  to 
igh  a  pound  of  flour  accurately  on  a  pair  of  hayscales.  If  we 
ve  an  instrument  of  proper  range  connect  its  terminals  to  two 
ints  on  the  circuit  as  C  and  D  by  wires,  as  shown  by  dotted 
es.  Then  cut  the  circuit  between  C  and  D.  The  total  current 
il  now  flow  around  through  the  ammeter,  and  the  reading  of 
^  needles  will,  if  the  instrument  is  correct,  give  the  current  in 
ipdres. 

Notice  that  one  terminal  is  marked  +  and  the  other  — .  K 
3  instrument  is  not  connected  properly,  the  needle  will  move  or 
"  to  move  to  the  left  of  the  scale.  In  this  event  reverse  the  wire 
mections  from  the  points  C  and  D  to  the  instrument.     Such 

instrument  tells  the  polarity  of  the  circuit — that  is,  which  is 
3  higher  pressure  and  which  the  lower  pressure  side.  When  the 
binding-post  is  connected  to  the  higher-  pressure  side  of  the 
cuit  the  needle  deflects  in  the  proper  direction. 
Method  with  Known  Resistance. — If  no  ammeter  of  proper 
age  is  available,  we  may  perhaps  have  a  resistance  whose  value 

know  and  which  will  carry  the  current  to  be  measured  with- 
t  much  heating.  In  this  case  with  the  aid  of  the  voltmeter  we 
n  measure  current.  Suppose  we  have  a  resistance  which  we 
ow  is  1  ohm  and  a  portable  voltmeter  with  an  additional  scale 
ftding  from  0  to  15  volts,  and  we  want  to  make  the  current- 
iasurement  just  described.     Put  the  resistance  in  between  C  and 

and  connect  the  voltmeter  terminals  to  the  ends  of  the  resist- 
ce.  Suppose  the  reading  of  the  voltmeter  was  2.3  volts.  The 
rrent  through  the  resistance  is  by  Ohm's  law  equal  to  the  elec- 
cal  pressure  or  electro-motive  force  between  its  terminals  di- 
3ed  by  the  resistance,  or  ^,  which  is  2.3  ampdres.  This  is  the 
ithod  used  in  the  Weston  switch-board  instruments,  a  resistance 

known  value  being  placed  in  the  main  cytcwW.  o^  ^^  ^^xs^axesKk 
itwo  leads  taken  off  from  its  terminals  aiid  twtl  \»  «.x<^^5Si.^«*2t, 
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which  instrument  has,  however,  had  its  scale  marked  by  tnd 
with  a  standard  amperemeter,  so  that  its  deflections  point  to  • 
number  on  the  scale  corresponding  to  the  number  of  amp^ 
flowing  through  the  resistance.  This  known  resistance  is  called 
the  ammeter  shunt.  The  instrument  will  not  read  amperes  oo^  |i 
rectly  with  another  shunt  or  other  leads. 

Measurement  of  Electro-motive  Force. — With  a  voltmeter  of 
proper  range  available  it  is  only  necessary  to  attach  its  termintb 
to  the  two  points  the  diflerence  of  whose  electrical  pressure, 
whose  voltage,  as  we  say,  it  is  desired  to  measure. 

When  the  voltage  to  be  measured  is  greater  than  the  range  rf  |: 
the  instrument  there  are  two  methods  available: 

1.  Divide  the  voltage  into  two  or  more  parts  and  measure  tJN 
parts. 

2.  Increase  the  range  of  the  instrument. 
To  use  the  flrst  method,  suppose  we  want  to  measure  a  voltap 

which  we  know  is  about  220  volts  with  a  150-volt  instromeot 

Connect  between  the  two  points  A  and  A 
whose  voltage  is  wanted,  two  110-vok 
lamps  in  series.  Then  make  the  coddwv 
lions  shown  by  the  solid  lines  and  retA 
Change  the  connections  to-  the  dotted 
positions  and  read  again.  The  sum  of 
the  two.  readinffs  will  be  the  voltage  between  A  and  B.  In  the 
other  method  it  is  necessary  to  have  a  known  resistance,  to  pla« 
it  in  series  with  the  voltnieter,  and  silso  to  know  the  resistance  of 
the  voltmeter.  This  last  is  usually  given  on  the  box  containinf 
the  instrument.  A  resistance  just  equal  to  that  of  the  instrument 
d()ul)les  its  range.  In  general,  to  get  the  value  of  the  reading 
of  a  voltmeter*  when  a  resistance  has  been  put  in  series  with  il, 
multiply  its  readinir  by  the  sum  of  the  resistance  of  the  instrument 
~  ^  the  auxiliary  resistance,  and  divide  the  product  by  the  reart- 
the  instrument. 

urement  of  Resislanc^.— ^^^^^'c^  ^\svTSi^\Kt  ^\A-?<iltmetff 
ur  rauge  this  measuT^m^v^V  c^\v>a^  \s«A^  \rs  TgsaN.>^^^ 
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in  series  with  the  resistance  and  connecting  the  volt- 
its  terminals.  Send  a  current  through  it  from  any  con- 
source and  read  both   instinimeuts.      By  Ohm's    law 

)T  B=  ^'    Therefore  the  resistance  equals  the  reading 

)ltmeter  divided  by  that  of  the  ammeter.  The  range  of 
eter  must  be  suited  to  the  current  which  the  resistance 
y  without  undue  heating.  This  method  is  particularly 
I  for  measuring  small  resistances,  such  as  armature  re- 
,  samples  of  wire,  bars,  etc. 

eter  Method. — For  measuring  high  resistances,  the  port- 
meter  and  some  current-generator  are  all  that  is  needed, 
hod  requires  two  readings  of  the  instrument.  For  the 
ling  the  instrument  is  connected  to  the  terminals  of  the 
generator.  For  the  second  reading  the  unknown  resist- 
put  in  series  with  the  volt- 
d  then  the  two  connected  to  ^iM^jito. 

rator.     In  the  figure  X  is  the      I     |l  rr^^  — ! 

I  resistance,  and  for  the  first 
the  connection  shown  by  the 
ne  is  made.  For  the  second 
:he  connection  is  as  shown  by 


I 


lines.  To  calculate  the  resistance  from  the  readings  divide 
reading  by  the  second,  then  multiply  the  quotient  by  the 
e  of  the  voltmeter,  and  from  the  product  subtract  the 
e  of  the  voltmeter.  This  method  is  applicable  more 
y  to  the  measurement  of  high  resistances  of  1  meghom 
although  lower  resistances  can  be  so  measured. 
150  Weston  voltmeter  usually  has  a  resistance  of  about 
hms.  By  this  method  such  an  instrument  would  measure 
000  to  400,000  ohms  quite  accurately — say,  within  1  per 
id  from  4000  to  1,000,000  ohms  fairly  accurately — say  to 
per  cent.  For  the  measurement  of  the  insulation  resist- 
virmg  systems,  cables,  armatures  Qfrom  ccKV  \.o  ^x^\ft.^,«xA 
?  (from  conductor  to  frame)  tVvia  m^\\io^  \a»  ^"xXrxss«^ 
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employed,  speouJ  voltmeten  having  &  reditanoe  of  40ji 
or  over  being  desirable  to  give  grealer  aoeuiacj  in  mMf 
above.  1  megoimu  Ab  a  role,  in  saeh  meaMuementB 
aecuracy  is  desired^  it  being  merely  neoeBsary  to  aaoeii 
insulation  resistance  is  greater  than  a  certain  amoont— « 
tures  and  field  coils  generally  1  meghom.  In  making  \ 
the  electro*motive  force  used  should  be  about  the  san 
insulation  will  be  subjected  to  in  usa  Frequently  a  hij 
tion  is  shown  by  a  test  made  with  small  dectro-mol 

where  the  application  of  the  h 
ing  electro-motive  force  resi 
breakdown*  The  connectio 
made  for  testing  an  insulati 
anoe  areshovm  in  the  figure.  *[ 
black  line  represents  the  coj 
the  white  space  represents  th 
ing  medium,  and  the  croes-hat 
tion  represents  the  lead  sheath  of  a  cable  that  is  bein^ 
the  frame  of  the  dynamo  if  atmature  or  field  is  being  U 
a  wiring  system  were  the  subject  of  test,  the  cros8-hatch< 
would  represent  a  gas  or  waterpipe.  The  dotted  line  c 
would  be  made  while  taking  the  second  reading. 

Measurement  of  Power.— The  power  used  in  any  c 
pressed  in  watts,  the 
electrical  unit  of 
power,  is  equal  to  the 
product  of  the  am- 
peres flowing  through 
the  circuit  and  the 
voltage  between  the 
terminals  of  the  cir- 
cuit. The  power  in 
a  circuit  or  in  any 
part  of  a  circuit  can, 

fore,  be  measured  vi\t\i  «t  No\\.T£i<6\Kt  ^\A  ^\£^t« 
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B  sketch  consider  first  only  the  solid  lines.  A  is  an  ammeter, 
d  K  a  voltmeter.    D  represents  a  dynamo  which  is  supplying 

0  groups  of  lamps  at  L  and  M.  Suppose,  first,  it  is  desired  to 
LOW  how  much  electric  power  is  used  by  the  group  of  lamps  L. 
le  ammeter  and  voltmeter  are  connected  as  shown  by  the  solid 
les,  and  the  ammeter  thus  measures  the  current  flowing  through 
8  lamps,  while  the  voltmeter  measures  the  pressure  between 
Bir  terminals.  The  product  of  the  readings  of  the  two  instru- 
cts will  give  the  power  in  watts.  Dividing  this  product  by 
6  will  give  the  horse-power. 

If  the  total  power  given  out  by  the  dynamo  is  desired,  connect 
B  instruments  as  shown  by  the  dotted  lines ;  the  ammeter  then 
^asures  the  total  current  flowing  through  the  main  circuit  and 
B  voltmeter  measures  the  electro-motive  force  between  the  dy- 
mo  terminals. 

Meters  are  instruments  for  recording  either  the  ampere-hours 

watt-hours,  the  watt-hour  being  j^^  of  a  horse-power-hour. 

direct-current  work  there  are  two  kinds  in  general  use  in  this 

iintry,  the  Edison  ampere-hour-meter  and  the  Thomson  record- 

y  watt-meter. 

The  Edison  meter  is  an  electro-chemical  meter;  the  current  to 
measured,  or  rather  a  known  fraction  of  it,  one-thousandth,  is 

1  into  a  depositing-cell  consisting  of  two  zinc  plates  suspended 
a  solution  of  zinc  sulphate.  The  current  takes  zinc  from  one 
the  zinc  plates  and  deposits  it  on  the  other  plate.    The  latter 

ite  is  weighed  at  the  beginning  of  each  month,  and  from  the 
in  in  weight  and  the  known  electro-chemical  equivalent  of  zinc 
B  number  of  ampere-hours  is  calculated. 
The  Thomsoh  recording  watt-meter  is  a  small  motor  whose 
Id  coils  are  connected  into  the  main  circuit,  so  that  the  total 
rrent  runs  through  them.  Its  armature  is  connected  across  the 
«ns.  The  greater  the  main  current,  which  is  determined  by 
6  nuLtiber  of  lamps  turned  on,  the  greater  the  force  tending  to 
rn*  the  armature,  and  hence  the  faster  wiW  \\.  \.wtw.  \Xs.  ^^Si.  >a» 
mected  to  a  revolution-counter  Bimilar  to  \\i«A.  wae^  va.  ^  ^ff** 
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meter,  and  its  dials  graduated  by  comparison  with  a  standard  bo  i 
to  read  properly  in  watt-hours. 

The  advantage  of  the  Thomson  meter  over  the  Cdison  is  tk 
the  simple  reading  of  dials  gives  the  power-consumption,  whera 
the  Edison  meter  is  not  direct  reading,  but  requires  careful  we^ 
ing  on  a  delicate  balance  and  after  that  an  arithmetical  calcak 
tion.  The  Edison  meter,  on  the  other  hand,  requires  much  lei 
power  to  operate  it,  which  is  of  importance  for  central-statki 
work.  For  isolated  plants,  of  course,  the  Thomson  is  much  toh 
preferred. 

Recording  Voltmeters  and  Ammeters, — Instruments  simih 
in  appearance  to  recording  thermometers  are  available,  in  wbkl 
the  needle  makes  a  continuous  record  on  a  revolving  paper  dii 
similar  to  that  of  a  recording  pressure-gauge.  Electrically  thi) 
are  galvanometers  with  a  fixed  coil  and  a  movable  magnet  whid 
carries  the  recording  needle. 


CHAPTER  XXXI. 
BLEGTBIO  GENERATORS. 

Batteries  or  chemical  generators  are  used  where  the  work  k 

be  done  is  so  small  that  it  can  be  done  more  cheaply  by  thera  thil 

with  dynamos,  and  also  in  some  cases  where  the  introduction  d 

an  engine  necessary  to  drive  the  dynamo  would  be  objectionabfcj 

if  not  altogether  out  of  the  question.     Their  greatest  use  is  ii 

operating  bells,  annunciators,  burglar-alarms,  time-clocks,  tde* 

graphs,  telephones,  etc. ;  but  many  are  used  by  physicians  fti 

i|«7    and    for    surgical    lamps,   and    by   dentists    and  «' 

hm  for  driving  small  motors,  operating  fans,  grinders,  dentti 

.  etc. 

iry  or  storage  batteries  are  those  which,  after  hvriag 

^^c^  «^  Wta!^  ^"^X.  ^€vx  ^<(:^\^^  materitb  an 
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t  do  not  act  od  each  other,  can,  by  having  an  electric  current 
sed  through  them  in  the  opposite  direction  from  some  other 
erator,  be  brought  back  into  their  original  condition  by  haying 
Ir  chemical  actions  reversed. 

^imary  batteries  are  those  cells  which  are  not  reversible,  and, 
refore,  whose  active  materials  must  be  renewed  from  time  to 
e.  Many  batteries  which  are  in  this  respect  used  like  primary 
teries  can  be  reversed ;  as,  for  example,  the  Daniell  cell.  The 
3  and  solution  of  this  cell  are,  as  ordinarily  used,  renewed. 
m  necessary ;  but  the  cell  is  reversible  and  can  be  used  as  a 
•age  cell. 

The  two  classes  into  which  primary  batteries  are  usually  di- 
ed are  closed-circuit  batteries  and  open-circuit  batteries. 
kn  open-circuit  cell  or  battery  is  one  which  from  its  nature  is 
y  fitted  for  use  on  circuits  which  are  for  most  of  the  time  open, 
3g  closed  only  at  the  moment  when  work  is  to  be  done,  and 
n  the  nature  of  the  work  retnaining  closed  only  a  few  moments 
a  timci  Such  circuits  are  those  for  bells,  annunciators, 
rms,  gas-lighting,  and  telephones.  For  such  circuits  the  types 
ing  zinc  for  one  plate,  carbon  for  the  other,  and  the  two  im- 
•sed  in  a  single  fluid,  serve  admirably,  and  the  combination 
erally  used  is  zinc  and  carbon  in  a  solution  of  sal-ammoniac. 
8  gives  an  electro-motive  force  of  1.6  volts  nearly,  and  a  fairly 
resistance,  the  ordinary  sizes  and  styles  having  from  iV  to  i^ 
a.  If  the  circuit  of  the  cell  is  kept  closed  for  any  length  of  time, 
electro-motive  force  drops  and  the  resistance  rises,  owing  to 
collection  of  hydrogen-particles  on  the  carbon  plate.  If  the 
juit  is  opened,  these  disappear  in  a  short  time  and  the  cell  re- 
ers  its  original  strength.  In  the  class  of  work  mentioned 
ve  this  is  just  what  happens.  If  there  were  some  means  of  get- 
^  rid  of  these  hydrogen-particles  as  fast  as  they  were  produced, 
cell  would  be  very  much  improved  and  would  become  avail- 
B  for  a  greater  variety  of  work. 

i  very  porous  carbon  takes  up  in  its  pores  p?i\Wq\^  C5?l  c<^^«^ 
jb  are  held  in  solution  in  the  water.    T\\e«>^  o^'^^^\i-:^««!c^^^^ 
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unite  with  more  or  less  of  the  hurtful  hydrogen-particles  andfom 
water,  so  that  the  bad  effect,  which  is  called  polarization,  v  muA 
diminiiihed.  A  French  inventor,  Leclanch^,  devised  a  much  bet- 
ter means  of  doing  this  by  putting  in  cakes  of  manganese  binoz- 
ide,  a  strong  oxidizing  agent.  This  gives  up  a  part  of  its  oxTgo, 
which  attacks  the  hydrogen-particles,  forming  water.  This  trp 
of  cell  is  now  known  as  the  Leclanch^  prism-pattern.  Very  ex- 
cellent cells  are  made  by  making  the  carbon  in  the  formof  athii, 
hollow  cylinder  and  putting  inside  the  porous  cylinder  powdered 
manganese  binoxide.  When  it  is  desired  to  reduce  the  inteml 
resistance  of  a  cell  to  the  utmost  the  zinc,  instead  of  having  thf 
usual  pencil-form,  is  made  into  a  hollow  cylinder  outside  of  anl 
very  close  to  the  carbon  cylinder.  The  means  of  diminishing  bit' 
tery  resistance  are  to  increase  the  surface  of  the  plates  and  to  di- 
minish the  distance  between  them,  so  that  two  hollow  cyliDdri*|: 

cal  plates  meet  the  conditions  very  eatii' 
factorily.  -The  carbon  cylinder  batten 
with  pencil  zincs  is  entirely  satisfactorr 
for  bell  work,  etc.,  in  small  houses;  Init 
where  signals  are  made  with  great  fre- 
quency and  sometimes  for  two  or  iliw 
minutes  at  a  time,  as  in  hotel  annunci- 
ators, elevators,  telephones,  and  similir 
work,  the  Leclanehe  pattern  should  k 
used,  and  in  the  most  severe  servioa  i 
will  be  advisable  to  use  the  pattern  kw* 
ing  cylindrical  zincs. 
Closed-circuit  cells  must  be  csftik 
of  operating  on  closed  circuits  continuously  without  an  appiWI' 
able  lowering  of  electro-motive  ibrce  or  raising  of  reBiBUMfc 
The  (M-lls  cliieflv  used  for  such  work  are  the  Danicll  cell  and  tb 
Kdison-Lalnnde.  In  the  Daniell  the  harmful  hy<lrogen  which 
would  lower  the  electro-niotivo  force  and  raisin  the  resistance i» 
fotttii  rid  of  by  a  secowA  <^Aw\\e^xv,  \\\\\v\\  \&  ^ 'Ax^w^  oxidizing 
and  which  burns  'awivv  vWVNvXxo^vixv,   \\i.  Niw^  \j^asv\^^ 
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i  hydrogeD  set  free  is  attacked  bj  copper  oxide,  which  re- 
Its  in  forming  water  and  metallic 
n«er. 

Daniel)  Cell. — The  original  form 
this  cell  is  illustrated  in  the  cut, 
lere  Cis  a  copper  plate  dipping 
»  a  solution  of  copper  sulphate 
strong  oxidizing  agent),  Z  is  a 
ic  plate  dipping  into  sulphuric 
id,  and  P  is  a  porous  cup  which 
Qtains  the  sulphuric  acid.  The 
id  will  penetrate  into  the  pores 
the  cup  and  will  come  into  cou- 
rt with  the  copper  sulphate,  but  is  prevented  -by  the  cup  from 
xing  with  it  to  any  great  extent.  The  action  is  as  follows : 
BC  dissolves  in  the  acid  when  the  circuit  is  closed  from  zinc  to 
pper,  setting  free  hydrogen  at  the  outer  surface  of  the  porous 
p.  The  copper  sulphate  attacks  this  hydrogen,  forming  water 
d  depositing  copper  on  the  copper  plate. 
The  gravity  pattern  is  shown  in  the  cut.  The  two  liquids 
ving  quite  different  speciiie  gravities  will  not  mix  to  any  great 
extent  if  the  jars  are  kept  quiet.  This 
1'*  especially  the  case  when  the  circuit  is 
closed  and  a  current  is  flowing.  On 
open  circuit  mixture  takes  place,  and  the 
rising  copper  sulphate  coming  in  contact 
vith  the  zinc  plate,  zinc  is  uselessly  dis- 
solved. On  this  account  the  Daniell 
cell  is  not  suited  for  open-circuit  work. 
The  electro-motive  force  of  the  Daniell 
i"  about  1  volt,  and  the  resistance  of 
'  ordinary  size  cell  about  4  ohms, 

urnviby  vyoU.  -|-(,g  EdisoH-Lalande  cell  consists  of  a 

ite  of  zinc  and  a  plafe  ofblack  oxide  of  cop^t  l^e\i\tv  w.  ws^- 
fivme)  suspended  ia  a  solution  of  cavist\c  'poVa^.    *^«v  ^WR& 
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drciiit  the  ziiic  dUsolves,  forming  poUnDm  aocate,  mi 
gen  is  set  iree.  This  is  at  once  attacked  by  the  ox^rgei 
copper  oxide,  and  the  reealt  is  the  formation  of  water  am 
lie  cuppv.  By  potting  a  film  of  oil  on  the  top  of  the 
the  local  action  which  would  otherwise  take  place  is  obrii 
the  cell  becomes  available  for  open-circuit  work.  As  its 
motive  force  is  only  ^  volt  and  its  resistance  for  the  a 
cell  no  lower  than  that  of  the  Leclanch^  pattern,  the 
preferable  for  most  open-circuit  work,  as  it  requires  less  c 
Fop  imtore  and  cantery  work  cells  are  required  to  give 
Ctirreut  for  a  longer  time  than  the  zinc-carbon  sal-ammon 
conld  do,  and  for  such  service  a  different  class  of  cells  is  ei 
whose  characteristics  lie  somewhere  between  those  of  tl 
circuit  and  the  .closed-circuit  cells.  The  most  commonlj 
the  bichromate  cell. 

The  bichromate  cell  has  zinc  and  carbon  plates  in  a 
of  chromic  acid,  made  by  mixing  potassium  bichroms 
sulphuric  acid.  It  gives  an  electro-motive  force  of  over 
and  it  ha^  a  low  internal  resistance.  One  great  disadvai: 
this  cell  is  that  even  when  the  circuit  i; 
the  zinc  plate  is  rapidly  consumed.  1 
this  trouble  one  form  has  an  arranger 
holding  the  zinc  plnte  up  out  of  tb 
when  not  in  use,  while  in  another  fori 
ous  cup  is  used  containing  the  zinc  wi 
dilute  sulphuric  acid.  The  use  of  t 
while  preserving  the  zinc,  increases 
sistance  of  the  cell. 

Care  of  Cells. — It  is  important  thn 
niateriak  of  a  cell  should  be  pure. 
zincs  and  chemicals  contain  inipuritie 
greatly  increase  wustc'fiil  local  action,h 
the  zinc  id  eaten  up  wliile  no  current 

ifgamation  U  a  process  o«  aWo-jv&^'Cati^wW'S.i 
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leroury,  which  protects  the  zinc  from  much  of  this  wasteful 
ction.  Zincs  are  usually  more  or  less  amalgamated  when  pur- 
hased,  but  the  process  of  amalgamation  is  very  easy.  The  zinc 
I  dipped  into  dilute  ^ulphuric  acid  to  clean  it,  and  then  with  a 
loth  mercury  is  rubbed  on  the  surface  till  it  presents  a  uniformly 
right  appearance. 

Renewal  of  zino  plates  shouldf  take  place  when  they  are  nearly 
iten  away.  The  remnants  can  be  sold  or  remelted  if  there  is  at 
and  a  suitable  mould. 

A  carbon  plate  needs  no  change  till  its  pores  are  filled,  so 
lat  hydrogen  can  no  longer  be  taken  up.  It  will,  of  course,  still 
>ntinue  to  work,  but  not  so  satisfactorily.  It  may  be  improved 
y  boiling  it  some  hours  in  water,  but  after  one  or  two  such  boil- 
igs,  if  the  operation  of  the  cell  is  not  satisfiactory,  a  new  carbon 
lould  be  put  in. 

Where  the  Leclanch^  disk  or  hollow  cylinder  type  is  used  the 
arbon  is  satisfactory  till  the  manganese  has  given  up  all  the  oxy- 
en  that  it  will.  After  this  a  new  carbon  should  be  put  in.  It 
}  not  possible  by  the  eye  to  tell  whether  the  oxygen  is  exhausted 
xcept  by  the  appearance  of  a  greater  number  of  hydrogen  bub- 
iles  than  usual  on  the  carbon.  A  voltmeter  attached  to  the  cell 
rhen  the  circuit  is  closed  will  show,  by  the  too  rapid  drop  of 
lectro-motive  force,  that  the  carbon  or  solution  needs  attention. 

In  the  Edison-Lalande  cell  the  two  plates  and  solutions  need 
liange  all  at  once,  and  the  proper  time  to  attend  to  this  can  be 
old  by  the  condition  of  the  zinc  plate.  When  nearly  gone  it  is 
inie  to  put  in  new  materials. 

Solutions. — In  the  sal-ammoniac  cells  of  ordinary  size  put  a 
Uarter  of  a  pound  of  sal-ammoniac  and  add  warm  water.  The 
idition  of  cold  water  is  liable  to  crack  the  jar,  as  sal-ammoniac 
'  dissolving  produces  a  considerable  degree  of  cold.  The  solu- 
^n  is  clear  and  colorless.  If  it  becomes  milky,  it  shows  that 
ore  sal-ammoniac  is  needed.  In  the  ordinary  use  of  a  cell 
iter  graduallj  evaporates  and  the  cell  sYiqxA^  \^  <^Q»5sva\is^Si^ 
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In  the  Daniell  cell,  gravity  pattern,  enough  copper-galplwlMr 
crystals  are  put  around  the  copper  plate  to  cover  it  Witdl: 
is  put  in  so  as  to  cover  the  zinc  about  one-half  inch.  A  litdA 
sulphuric  acid  is  added.  After  a  few  hourp  on  closed  circuit  mm 
sulphate  will  be  formed,  and  a  fairly  sharp  line  of  demarcatkn 
will  be  seen  separating  the  blue  solution  of  copper  sulphate  fioB 
the  clear  solution  of  zinc  sulphate.  As  the  cell  continues  woiM 
ing  this  line  will  go  lower  and  lower;  when  it  goes  past  the  biM 
way  distance  dip  out  or  siphon  out  some  of  the  zinc  sulphate  vmm 
replace  it  by  clear  water  poured  in  through  a  funnel  reachiM 
down  into  the  solution.  If  the  zinc  sulphate  gets  too  strong,  !■. 
will  crystallize  on  the  walls  of  the  jar;  while  if  the  ooppcrt 
sulphate  is  too  strong  and  its* level  rises  up  to  the  zinc,  local  actka 
will  take  place  and  the  zinc  be  wasted.  w 

Bichromate  Solution. — To  2  pounds  of  strong  sulphuric  adW 
add,  stirring  constantly,  1  pound  of  bichromate  of  potash,  powderedH 
and  then  after  a  few  minutes  add  slowly  12  pounds  of  water.! 
The  mixture  will  become  quite  warm.  After  the  cell  has  beal 
used  considerably,  if  the  color  of  the  solution  becomes  bluisk,! 
add  more  potash.  If  the  voltage  falls  off,  but  the  orange  colflf  I 
remains,  more  sulphuric  acid  is  needed.  I 

Dry  cells,  so  called,  are  cells  in  which  the  solution  has  beeil 
reduced  to  a  pasty  condition  by  adding  some  substance  to  the  I 
fluid.  The  only  advantages  of  such  cells  are  their  portability. I 
Their  resistance  is  much  higher  and  they  polarize  much  mofel 
readily  than  the  ordinary  forms.  I 

Various  types  of  cells  will  be  found  described  in  fiill  in  Prof.  El 
S.  C'arkart's  Prhnary  Batteries  and  the  work  on  Batteries  by  Mr.  I 
Park  Benjamin.  I 

The  dynamo  may  be  regarded  as  a  sort   of  electrical  pump  I 

continuously  pumping  electricity  from  a  low  pressure  to  a  lii.L'b  I 

pressure.     The  energy  necessary  to  do  this  is  generally  derived  I 

from  a  steam  engine,  but,  of  course,  may  be  obtained  from  anj  I 

source  of  power.    For  e\eeU\e  \\^\\aw^  <^t  ^q^^^  \\^\aftU.ted  plante  I 

'^  dynamos  or  generaloia  ax^  ^e^\^^^^  ^q  xJa»X  ^>aK^  X'oja.t^^jfc 
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it  speed  they  automatically  maintain  a  practically  constant 
brence  of  electrical  pressure  whatever  load  may  be  thrown  on 
m,  up  to  the  limit  of  their  capacity.  As  electric  power  is 
al  to  the  product  of  current  by  pressure — that  is,  ampdres  by 
ts;  and  as  the  volts  are  practically  constant,  the  power  will  be 
portional  to  the  amperes  flowing — that  is,  to  the  number  of 
Its  thrown  on.  If  the  lights  burning  are  few,  the  amperes 
1  be  few  and  the  demand  for  power  on  the  engine  correspond- 
ly  small.  With  more  lights  more  amperes  are  required,  hence 
re  power  from  the  engine,  and  the  cut-off  will  be  lengthened 
the  governor. 

rhe  ideal  simple  dynamo  consists  of  a  single  coil  of  wire  rotat- 
between  the  poles  of  a  magnet, 
n  the  figure.  Starting  with  the 
.  in  the  vertical  position,  and 
oing  it  right-handed,  as  shown 
the  arrow,  we  find,  by  applying 
Fleming  rule  described  abftve, 
t  the  current  will  flow  in  the  coil 

l;he  direction  shown  by  the  arrow-heads  until  it  has  gone  half- 
jr  around.  During  the  next  half  revolution  the  rule  will  show 
.t  the  induced  currents  flow  in  the  opposite  direction.  There 
hen  a  reversal  of  current  twice  each  revolution.  If  we  meas- 
i  the  strength  of  the  current  at  different  parts  of  the  revolu- 
3,  and  graphically  show  the  variation  by  a  curve,  in  which 
izontal  distances  from  the  starting-point  represent  the  angle 
ned  through  and  vertical  distances  represent  current-strength 
that  angular  position,  we  shall  get  a  curve  such  as  is  shown  in  the 


are,  which  represents  three  complete  revoVwWox^^.  ^V^  ^\!crt^2o\» 
ts  at  zero,  md  increases  till  one-quarter  tWTx\  V^^'^^^'^'?^^*'*^^ 
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through,  and  then  diminishes,  till  at  the  half-turn  it  is  zen 
From  there  the  direction  of  the  current  reverses,  as  shown 
curve,  going  below  the  horizontal  line,  and  it  increases  to  ih 
quarter  point,  and  then  diminishes  to  zero  again.  Such 
rent  is  called  an  alternating  current,  and  such  a  dynan 
ideally  simple  alternating  current  dynamo.  The  abov( 
represents  also  the  variation  of  electrical  pressure  of 
dynamo.  If  it  were  desired  to  make  a  dynamo  to  give  s 
pressure,  we  could  do  it  in  one  of  three  ways :  by  iucreas 
speed  of  rotation,  by  increasing  the  number  of  turns  in 
or  by  increasing  the  strength  of  the  magnet.  While 
fluctuating  or  alternating  current  could  be  used  for  light 
for  small-power  work  we  have  no  satisfactory  large  mot< 
able  of  being  run  by  it,  nor  can  storage  batteries  be  charg 
it.  It  is  therefore  necessary  to  introduce  some  device  wh 
rectify  the  current — that  is,  make  it  flow  always  in  tl 
direction  in  the  circuit  outside  of  the  dynamo,  although 
nates  in  the  coil.  Such  an  a?rangement  is  called  t\ 
mutiitor. 

The  commutator  is  a  purely  mechanical  device,  and 
as  shown  in  the  figure,  of  a  split  ring,  to  one  side  of  which 

of  the  coil  is  permanently  fastened, 
the  other  side  the  other  end  of  the  co: 
ends  of  the  external  circuit  are  conn( 
brushes  which  rest  on  these,  one  brusl 
ing  one  commutator  segment  and  the 
brush  the  other  segment.  Just  as 
gets  into  the  vertical  position  where  current  reverses,  eacl 


changofi  from  the  scgxvAeixl  ^\\\\  \n\\\<A\  \t  was  in  contact 
otlwr,  so  that  the  effect  oi  iW  T^NVi.\^'A  <^^  QN\\\<i\s\. \^  w^xi5« 
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as  the  external  circuit  is  concerned,  the  curve  of  such  cur- 
its  now  being  as  shown  in  the  sketch.  In  practice  the  commu- 
or  segments  are  insulated  from  each  other  and  from  the  shaft 
sheet  mica. 

rhe  armature,  as  the  moving  part  is  called,  is.  in  actual 
chines  made  up  by  winding  the  conductor  on  an  iron  core, 
e  object  of  the  iron  core  is  to  keep  as  many  as  possible  of  the 
gnetic  lines  produced  by  the  magnet  in  the  space  where  the 
iductor  is  moving.  Without  the  core  a  large  part  of  them 
uld  stray  out  of  this  space  and  would  not  be  cut  by  the  coil, 
i  the  electro-motive  force  produced  would  be  very  much  smaller 
.n  when  an  iron  core  is  used.  This  core  is  made  in  two  forms, 
ich  give  rise  to  two  different  classes  of 
natures,  each  possessing  certain  advan- 
;e8,  called  the  Ghramme  ring  and  the 
on-wound  armatures. 
Ring  Armatures. — The  figure  illus- 
tes  a  ring  armature  with  four  coils  in- 
Bid  of  one,  as  in  the  ideal  dynamo,  and 
a  shows  what  changes  are  necessary  in 
!  commutator.     It   will   be  seen  that 

re  are  as  many  parts  or  segments,  as  they  are  called,  in  the 
nmutator  as  there  are  coils  or  sections  in  the  armature.    The 


•ve  of  the  currents  shows  the  advantage  of  the  greater  number 
sections  in  the  armature,  the  fluctuations  in  the  strength  of  cur- 
kt  being  very  much  less  than  with  one  coil.  In  practice  from 
to  120  segments  are  in  general  use. 

Drum-wound  armatures  have  an  iron  core  of  cylindrical  shape, 
J  winding  for  a  four-coil  armature  being  cWt  ^iotoi  wcv  ysv^'^^^ 
9  of  the  figure.    Although  it  possesses  some  \Tv\ipQTVwN>  ^'^'^^^ 
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tages  over  the  ring  armature,  it  ie  lees  easy  to  wind  and  bn 
it  are  less  easy  to  locate  aod  remedy. 

Armature  cores  are  alwayt 
nated — that  is,  of  thia  ci' 
disks  of  soft  iTOD  or  mild 
These  disks  are  of  a  shape 
what  as  shown,  being  slotted 
to  make  a  groove  in  which  tV 
can  be  laid.  Formerly  the 
were  laid  on  the  surface  hdk 
small  iron  binding  wires 
wound  around  the  periphi 
hold  the  armature  conduct 
place  against  the  action  o 
trifugal  force  and  also  the 
netic  pull  which  exists  between  the  field  magnets  an 
currents  in  the  armature  wires.  By  making  use  of  g 
the  sides  of  the  slot  take  the  strain  or  pull  due.  to  magn 
thus  making  the  armature  much  stronger  niechanicalh 
still  further  advantage  is  that  the  clearance  between  the  re 
armature  and  the  pole  pieces  of  the  field  magnet  can  ht 
much  reduced.  The  reason  of  laminating  the  armatun 
prevent  the  production  of  excessive  currents  in  the  iron  con 
for  a  moment  we  consider  the  core  as  made  up  of  a  nunil 
rods  parallel  to  the  armature  shaft,  it  is  plain  that  we  hsTi 
of  conductors  cutting  across  lines  of  force,  and  an  applicati 
Fleming's  rule  would  show  that  the  direction  of  the  cu 
would  be  parallel  to  the  staff.  If  we  laminate  these  crosswif 
insulate  the  hinii nations,  we  shall  enormously  increase  the) 
«ncc  to  these  useless  currents,  and  since  we  have  by  laniin 
done  nothing  to  change  the  electro- motive  force  producing  i 
they  will  lie  diniini.-hi'd  to  n  very  small  amount.  The  insul 
J.J  di^ne  by  manu'llinfr  the  disks  or  by  separating  ihem 
nieces  of  tJiin  vaniisl\ei\  pa^WT.  "^Vp  ^^gixt 'f'cv\>'sft  *.  sloltrti 
tgrnminowin'img.     TW  cots  "ICwYft  « 
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0  strong  heads  with  bolts  running  from  one  head  through 
in  the  disks  to  the  other  head,  the  bolts  being  insulated 
the  disks.  The  disks  are  connected  to  the  shafts  through 
s  keyed  to  shaft  as  shown.  This  construction  leaves  the 
of  the  armature  hollow,  so  that  air  can  enter  and  pass  out 


e  purpose  of  dissipating  the  large  amount  of  heat  produced 

armature  coils  and  core. 

3  armature  conductors  are  of  copper  wir^  insulated  with 
lyers  of  cotton,  and  are  further  insulated  from  the  core  by 
)r  other  insulating  materials,  of  which  mica  is  the  best.  In 
Tge-size  machines  copper  bars  of  rectangular  section  are 
connected  at  the  ends  by  specially  shaped  pieces  of  copper. 
ize  of  the  conductors  is  made  such  that,  with  the  ventilation 
led  by  the  air  circulating  through  them,  they  do  not  reach  a 
irature  more  than  80*^  to  85°  F.  above  that  of  the  surround- 
r  after  a  run  of  six  or  eight  hours  at  fiill  load. 

looking  at  the  typical  four-coiled  armature  it  will  be  seen 
here  are  two  paths  for  the  current  from  one  brush  through  the 
ure  coils  to  the  other  brush,  and  as  these  are  of  equal  resist- 
one-half  of  the  total  current  flows  through  each  branch.  If, 
ore,  as  sometimes  happens,  one  coil  is  broken,  there  is  still 
uit  closed  from  one  brush  to  the  other,  and  we  cannot  with 
;netic  testing-bell  find  out  that  there  is  a  break.  In  such  a 
the  output  of  the  machine  would  \3e  Nerj  xkol^^cl  \<5!^^  «xs^^ 
would  be  serious  sparking  at  the  conixoxxXaXot* 
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The  field  of  a  dynamo  is  the  magnet  whose  office  is  to 
magnetic  liuea  of  force  ibr  the  armature  coils  to  cut.  1 
magnets  used  were  permauent  magnets;  but  it  was  Booi 
ttiat  magnets  made  by  carrying  current  through  win 
around  an  iron  core  were  for  a  given  size  and  weigl 
stronger,  so  that  now  about  the  only  caBe  in  which  pei 
magnets  are  used  is  the  small  magneto-generators  used  iu 
tion  with  telephone  instruments.  According  to  the  nui 
pules  iu  the  field  dynamos  are  classed  as  bipolar  or  multi 
A  bipolar  machine  is  one  having  but  two  poles  in  its  fit 
net,  the  arrangement  being  similar  to  that  of  the  idea! 
dynamo. 

A  multipolar  maohine  is  one  having  more  than  two  p< 

will  always  have  an  even  number,  such  as  four,  six,  ei^ 

i  of  the  machine,  half  of  the  poU 

north  and  the  other  half  soul 

The  cut  shows  a  typical  four-p 

chine,  and   the   arrow-beads  } 

direction  of  the  lines  of  force, 

it  will  be  noticed,  are  closed  It 

turning  to  their  starting-point. 

The   advantages    of  a  mi 

generator  over  the  bipolar  are  i 

a  given  size  and  speed  of  rot 

higher  output  can  be  obtained, 

:ill  uiiMli-rn  •:*Mi orator;!  of  nny  size  are  made  multipolar. 

The  winding  of  the  multipolar  machine  armature  is  si: 
thi'  I'ut.  which  n'pri'si'iiis  a  four-(xile  machine  with  ringar 
'I'ho  twii  |M>sitivc  brushos  may  Ite  connected  to  each  other . 
(wii  nvgaiivo  bru^hos  to  oai'h  other  by  wires,  so  that  it  is  oi 
hiti'ly  Htvissiiry  lo  hiivo  ii#  many  brushes  as  there  are  poll 
ikit  ban  not  Won  louud  do^iraMo  in  pracUce,  and  nearly  i 
ulttnw  Iwvo  iho  #anic  numlvr  of  brushes  as  pole^. 

"^  k  otawitlottWt  ot  d^Wtma^  U  further  made  accord 
Via  itiv^u^  ^W  fe«\A  awi  v\«  iaanMa\a  ■«{a\^''«. 
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to  the  circuit.  With  a  ceidain  armature  turning  at  a  cer- 
!ed,  the  dynamo  designer  must  provide  a  winding  capable 
luciDg  a  certain  number  of  lines  of  ibrce,  irom  pole  to 


I  order  that  the  machine  shall  give  the  electrical  pressure 
This  winding  may  be  a  comparatively  few  turns  carry- 
large  current  or  many  turns  carrj'ing 
current,  the  number  of  lines  being  pro- 
al  to  the  product  oi'awphres  times  turns, 
product  is  called  the  amjihre-twrna. 
eries-wound  macbine  is  one  whose 
i  wound  with  a  few  turns  of  wire 
which  Sows  the  entire  current  given 
the  machine. 

shunt  dynamo  is  one  in  which  only  a 
raction  of  the  total  current,  perhaps 
oitieth,  flows  around  the  field  coils.    The  number  of  turns 
2oils  is,  however,  very  great. 

compound  dynamo  is  one  which  has  both  the  coarse-wire 
5  of  the  series  machine  and  the  fiue-wire  winding  of  the 
■nachine,  • 

advantages  of  the  three  types  are  best  shown  by  means 
irve,  called  the  c!iar(i<rterintie  curve,  oc,  more  hi\ftfl."i,tW 
vi^ie,  which  bears  to  the  dynamo  80iiie"«\ia.\.  'Oaft  «asfi&  t"*!- 
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]ation  as  does  the  iodicatoF-cald  to  the  eogine.  It  is  obtaiuei 
taking  meaBuretnent  at  eondaiU  apeed  of  the  voltages  of  tbe 
chine  and  the  correepoDding  ampdres,  at  difij^rent  loads,  fra 


1 

i 

KO)-JH 

t 

^j 

s(Q)nJ| 


Shunt  Dynama. 


Oompotmd  Httcbine: 


I 


load  to  full  load,  and  plotting  these  values  as  follows :  Dist 
measured  vertically  from  a  horizontal  axis  represent  voltf 
horizontal  distances  repreeent  amperes. 
cuive  drawn  through  the  plotted  ( 
shows  the  behavior  of  the  machine. 

Series  Characteristic. — That  part  o 
curve  to  the  right  of  the  maximuni  poi 
tiie  range  over  which  series  machine 
usually  employed.  It  showa  that  as  tin 
rent  increases  the  electro-motive  force 
That  is,  on  a  circuit  supplied  by  such  e 
Oh^.ot.«.tio  or      ^1,.      I,  „^  ,^^„,j  ji„i„i,^  n^  ^1,1 

Series  Machine.  ,  .  ,  ,  ,  ,  ,  , 

which  would  tend  to  make  the  cu 
larger,  the  electro-motive  force  will  drop.  This  drop  wi 
course,  tend  to  make  the  increase  of  current  less  than  it  < 
wise  would  be,  so  that  such  a  machine  automatically  ten 
maintain  the  current  in  its  circuit  at  a  constant  s(rengt) 
series-machine  is,  therefore,  used  in  constant  cuA^nt  distribi 
as  for  arc  lamps  on  long-distance  circuits. 

Shunt  Chspacterisyc— Wvtti  t'tva  ^mmttaT  io  the  main  i 
feriial    circuit  the   curve  \a  a  gtaA-isXVj   ixwi^it  *««- 
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^edsure  is,  however,  fairly  constant  for  all  strengths  of  current, 
id  the  shant  machine  would  be 
ed  where  a  constant  pressure 
stem  distribution   is  employed, 

for  incandescent  lamps  and 
otors. 

Compound  Characteristic.  — 
jr  carrying  the  main  current 
ound  the  fields  as  well  as  the 
unt  coils  w*e  get  the  joint  effect 

two  windings.  The  effect  of 
e  shunt  coils  alone  is  to  give  a 
iarly  constant  pressure,  as  shown 

the  characteristic  above,  but 
droops  somewhat.     The  effect  of  current  around  the  series  coils 

to  add  lines  of  force,  and  the 
reater  the  current  strength  the 
reater  number  of  lines  is  added, 
id  consequently  the  higher  the 
ressure  fnmished  by  the  machine, 
he  series  coils  will,  then,  acting 
^  themselves  produce  a  rising 
laracteristic,  as  in  the  left-hand 
irt  of  the  curve  of  the  series 
laracteristic.  (The  right-hand 
irt  is  taken  when  the  current 
18  become  so  large  as  to  saturate 
le  magnet  cores,  so  that  adding 
irrent  no  longer  adds  lines  of 

rce),  while  the  shunt  coil  gives  a  falling  characteristic.  There- 
re  by  properly  proportioning  the  number  of  series  turns  they  Can 
J  made  to  neutralize  the  drop  of  the  shunt  characteristic,  and 
e  machine  then  gives  a  practically  constant  pressure  at  all 
ads.) 
An  aver-eofnpounded  mackine  is  one  in  Y?\i\cAi  >i)cvfe  ^^yv^^  ^^^  "^ 
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given  more  turns  than  will  just  balance  the  drop  of  the  s 
shunt  machine.  The  characteristic  will  therefore  rise,  the 
increasing  as  we  increase  the  ampdres.  When  the  voltage  ( 
load  is  5  per  cent,  more  than  at  no  load  the  machine  is  a 
be  over-compounded  5  per  cent.  If  the  rise  is  10  per  ceot 
said  to  be  oVer-compounded  10  per  cent.  Most  machint 
made  over-compounded  10  per  cent  to  12  per  cent;  I 
arranged  that  an  adjustable  shunt  is  placed  across  the  ten 
of  the  series  coil,  by  means  of  which  the  proportion  of  the 
current  flowing  through  the  series  coil  can  be  varied.  B 
means  the  amount  of  over-compounding  is  easily  adjusted, 
most  isolated  plants  an  over-compounding  of  8  per  cent,  to 
cent,  is  used,  2  per  cent,  of  which  is  useful  in  counteractii 
drop  of  speed  in  the  engine  at  full  load  and  the  remain 
make  up  for  drop  of  pressure  in  the  wiring. 

Armature  Reaction. — The  armature,  consisting  of  an  iro 
covered  with  coils  of  wire  carrying  an  electric  current, 
course,  an  electro-magnet.  The  poles  are  at  the  points  of 
the  trashes;  that  is,  a  line  drawn* from  one  pole  to  the 
would  be  parallel  to  a  line  joining  the  brushes.  In  the 
simple  dynamo  the  poles  would  be  vertical,  as  the  liue 
ing  the  two  brushes  is  vertical.  But  the  liue  joinin 
brushes  is  at  right  angles  to  the  lines  of  force  of  the 
which  in  this  case  are  horizontal.  Therefore  it  is  e video 
the  armature-poles  are  at  right  angles  to  the  field-poles,  an 
lines  of  force  due  to  the  magnetism  are  at  right  angles  t 

lines  of  force  due  to  the  field  alone. 

^ B      resultant  direction  of  the  magnetic  fiel 

^v.  ^       lie  somewhere  between  the  directio 

^^\^         j       the  two  fields  due  to  magnet  and  arrni 

^\^^       and  may  be  found  by  applying  tb( 

^  ^     allelogram  of  forces  as  in  Chapter  1. 

A  B  represent  in  direction  and  int 

the  number  of  Wnes  oi  ioxee;  ^m^\.<^  IW  field  magnets,  and 

represent  likewise  the  \\ives>  ^w^  \.Q  >^^  ^\\ft»X\ix^.  '\>afe\.  k' 
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the  direction  of  the  resultant  Jield.  The  cut  ahowa  this 
of  the  field  io  an  actual  arm- 
experiment  being  made  with 
gB.  When  no  current  flows 
he  armature  coils  the  lines  of 
horizontal,  but  when  current 
>ugh  it  the  resultant  field  is 
rward  in  the  direction  of  rota- 
e  armature,  as  shown  in  the  cut.  The  greater  the  arm- 
-ent  the  greater  the  shifting  of  field.  Kow  since  the  line 
ishes  is  at  right  angles  to  the  resultant  field,  the  brushes 
hifted  forward,  in  order  to  prevent  sparking  when  the 
le  machine  increases.  The  amount  by  which  they  are 
cailed  the  lead. 

ad  in  small  machines  of  older  types  is  considerable, 
r  to  10  to  20  degrees.  To  diminish  it  we  must  malie 
itic  field  due  to  the  field  magnets  very  strong  relatively 
the  armature.  In  modem  machines  this  is  done,  with 
that  after  the  brushes  are  properly  set  they  need  no 
.  to  prevent  sparking  even  when  load  is  changed  irom 
11  load. 

ion  of  Series  Dynamos. — As  previously  stated,  series 
are  used  almost  exclusively  on  circuits  whose  current 
t  is  desired  to  maintain  constant  whatever  the  number 
thrown  on.  Since  the  lamps  are  in  series,  the  more 
led  on  the  higher  the  resistance  of  the  circuit  and  the 
1  electro- motive  force  needed  to  keep  the  current  at  the 
lue.  Although  by  using  the  machine  on  that  part  of 
cteristic  to  the  right  of  the  maximum,  ns  explained 
es  characleristie,  the  machine  tends  to  regulate  the  press- 
latically,  yet  it  is  necessary  to  use  special  devices  to 
1  satisfactory  regulation.  There  are  several  ways  in 
electro-motive  force  furnished  by  a  machine  may  be 
>ne  is  to  shift  the  rocker  arm  catr^in^  vWViTW'&i^ft.vV-cS. 
severe  sparking,  and  if  Hseii  m  aoiae  a.tc  ■oafSsssss* 


ioo 
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requires  a  special  constrndioxi  of  the  oommotator.  A 
k  to  have  an  adjcuvtable  resistance  in  multiple  with  th 
and  arnuige  this  irerotanoe  so  tiiat  wh^n  lamps  are 
the.  resistance  of  this:  shniit  path  is  lessened,  thns  tt 
enrrient  from  the  ficitd  coils  and  catting  down  the  ele 

Ibrce'of  the  machine.   Thef 
the  principle  of  the  Bmsl 
i>  is  the  dynamo  armatnr 
field  coils,  and  L,  L,  L,  the 
is  a  resistance  made  of  ca 
connected  in  multiple  witl 
coils,  as  shown.    If  lamps 
off,  thus  diminishing  the  n 
the  circuit,  the  coil  C  raises  its  armature  A,  patting  a 
the  carbon  disks.    This  diminishes  the  resistance  of  th 
cait  through  C,  and  takes  away  more  of  the  current  frc 
coils,  thus  diminishing  the  number  of  magnetic  lines  o 
duced,  and  hence  also  the  electro-motive  force  of  the  m 
lights  are  thrown  on,  the  reverse  action  takes  place. 

The  regulation  of  shunt  or  compound  machines 
varying  the  current  around  the  field  coiJs ;  but  as  sucl 
give  very  nearly  perfect  regulation  automatically  so  lo 
is  maintained  constant,  only  a  hand-regulator,  called 

is  provided .     This  rheos 
of  a  number  of  coils  oi 
embedded  in  an  insulat 
or  mounted  on  porcelain 
contained  in  an  iron  fra 
box.      An    arm   sweeps 
terminal   points  conned 
ends  of  these  coils,  as  shown  in  the  sketch.     Moving 
to  the  left   would    cut   down    the   electro-motive   for 
machine,  and  to  the  right  would  raise  it.      This  rej 
rarely  used  except  w\\eTi  \\\^  ^^^^  Ocvaxi^is.  ot  ^hen 
is  being  started  up. 


■vL^^ 
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roubles  and  Care  of  Dynamos. — In  a  book  by  Messrs. 
jker  and  Wheeler  this  subject  will  be  found  very  fully  treated. 
.  Thompson's  Dynamo- Electric  Machinery,  which  is  of  the  very 
test  value  in  studying  dynamos  in  detail,  also  has  much  of 
e  as  well.  When  a  dynamo  is  in  good  order  the  only  things 
iring  attention  more  than  in  any  piece  of  machinery  are  the 
mutator  and  brushes.  The  commutator  should  be  cleaned 
or  three  times  daily  by  holding  on  it  while  it  is  turning  a  cot- 
cloth.  Afterward  put  a  very  little  vaseline  on  the  cloth.  Oc- 
mally  hold  fine  sand-paper  against  the  commutator  to  smooth 
urface.  Never  use  emery  or  oil  on  it.  If  it  gets  uutrue — 
is,  out  of  a  perfect  cylindrical  shape  after  some  months'  use 
irough  bad  sparking — it  must  be  turned  down  smooth  by  the 
3f  a  lathe-tool  rest  and  tool. 

he  brushes,  which  are  now  generally  made  of  carbon  or  fibre- 
)hite,  must  be  careftilly  fitted  to  touch  closely  the  commu- 
r-surface  and  the  rocker-arm  carrying  them  adjusted  till  there 
)  sparking  at  any  load.  Sometimes  considerable  labor  must 
pent  in  securing  freedom  from  sparking.  After  once  adjusted 
)erly  they  will  run  for  weeks  without  any  further  adjustment. 
y  should  be  carefully  watched,  however,  and  if  they  show  any 
e  of  sparking  they  should  be  adjusted  again  till  this  disap- 
•s. 

ttend  to  the  commutator  and  brushes,  keep  everything  clean 
dry,  and  allow  no  oil  except  iu  the  bearings,  and  a  dynamo 
in  general  give  no  more  trouble  than  any  piece  of  moving 
binery. 


CHAPTER   XXXII. 

•  DISTRIBUTION  OF  BLBOTRIOAL  ENERGY. 

he  production  and  distribution  of  electrical  energy  are  very 
h  like  a  small  water-system,  where  watei  \^  Y^Tw^fe^  i^<js\cv  -^ 
to  a  high  reservoir  J  taken  from  th^  x^^^T'^  w  \X\xQVi^  Y^tj?^ 
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to  the  place  where  it  is  to  be  used,  and  after  use  led  back  to 
tank  to  be  again  pumped  up  and  again  used.  The  generatoi 
dynamo,  driven  by  a  steam  engine,  gas  engine,  or  water-wl 
corresponds  to  the  pump.  The  distributing-pipes  in  the  w« 
system  are  replaced  by  copper  wires  for  the  electrical  sysi 
The  high-pi*essure  reservoir  and  low-pressure  tank  are  repli 
by  the  switch-board  bus  bars,  one  of  which  is  a  high-pressure 
the  other  a  low-pressure  bar.  The  high-pressure  bar  is  also  ca 
the  positive  or  plus  (+)  bar,  and  the  other  the  negative  or  m 
(— )  bar.  They  are  each  copper  bars  mounted  on  the  marbL 
slate  of  which  the  switch-board  is  made,  and  are  called  bu» 
or  omnibus  bars  from  the  fact  that  all  the  current  is  carried 
them.  The  valves  of  the  water-system  are  replaced  by  switc 
the  water-meters  by  ammeters,  and  pressure-gauges  by  voltmei 
Some  devices  which  are  used  in  electrical  distribution  have  notl 
similar  to  them  in  water-systems,  but  the  general  similarit; 
of  great  assistance  in  understanding  electrical  distribution. 
The  switch- board  consists  of  one  or  more  slabs  of  marble 
slate  supported  on  a  wrought-iron  framework,  on  wliich 
mounted  the  bus  bars,  switches,  meters,  and  other  devices  De( 
sary  for  conveniently  controlling  the  system.  Slate  is  used  ra 
largely,  being  inferior  to  marble  only  in  appearance.  It  is  sor 
what  cheaper  and  much  more  easily  worked,  being  softer  andl 
brittle.  It  can  be  finished  by  enamelling  to  resemble  closely  dai 
colored  marbles.  The  iron  framework  is  usually  made  of  ang 
irons  and  T-irons  strong  enough  and  stiff  enough  to  support  1 
weight  of  the  marble  and  instruments.  It  should  be  set  outfrt 
a  wall  two  to  three  feet,  so  as  to  give  easy  access  to  the  back, 
which  the  bus  bars  and  connecting  straps  are  placed  and  wb 
the  connections  are  made  between  circuit  wires  and  switches, 
the  series  system  of  distribution  which  is  described  further  on 
little  used  except  for  distribution  to  arc  lamps  for  out-door  wo 
and  as  this  service  is  usually  performed  by  central  stations, 
i«^»//  onnfinQ  ourselvei^  to  iW  vV^^c,x\\\\Ac>\v<^l'$i^\\.v^sv^^<^^\^^^vit^^ 
bution.     The   accove\\^s.uf\Y\^  ^"sj^xx^  '^^^^  ^X^fe  w: 
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.  when  one  dynamo  is  used  to  supply  current  and  when  two 
its  run  to  the  lamps  or  motors  being  operated.  The  switch 
wnnected  so  that  when  In  ite  present  poeitiou  the  brushes  of 
lyoamo  are  connected  each  to  one  of  the  bus  bars.    If  the 


le  of  the  switch  is  drawn  outward,  the  circuit  between  bniahefl 
buB  bftra  is  interrupted  in  both  lead  wires  and  the  dynamo 
ture  is  no  longer  in  connection  with  the  bua  barB.    All  lights 
],  of  coarse,  be  put  out  and  nil  motors  woviVi  ^ili^^i.  "^Vtfwfct 
lead  before  it  reaches  the  switch  pasaea  tVxoM^  ^^^^  wft-wssAKt 
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shunt  D,  60  that  whatever  current  the  machine  furnishes  ii 
ured  hy  the  ammeter  A,  Both  leads  pass  through  fu8< 
whose  purpose  is  to  protect  the  machine  from  being  inju 
an  accidental  overload.  They  are  made  of  an  alloy  of  le 
tin,  and  of  such  size  that  they  will  melt  when  carrying  a 
slightly  larger  (about  25  per  cent.)  than  that  for  which  t 
chine  was  designed.  When  they  have  melted,  of  coui 
machine  is  cut  off  from  connection  with  the  switch-board  a 
cuits.  These  fuses  do  not,  of  coui^,  protect  the  machii 
troubles  within  itself,  but  only  from  being  overheated  by  1 
a  resistance  of  the  circuit  due  to  any  calise  whatever.  O 
the  uncertain  action  of  large  fuses,  those  designed  to  bl( 
at  500  amperes  and  melting  at  perhaps  400°  or  600®,  tl 
generally  giving  way  to  magnetic  circuit-breaking  devices 
circuit-breakers,  which  will  be  described  further  on.  R 
rheostat  for  varying  the  voltage  of  the  machine,  and  T 
voltmeter  which  measures,  when  connected  as  shown,  the 
or  difference  of  pressure  between  the  bus  bars.  The  twos 
at  the  right  are  to  make  and  break  connection  between  th 
ing  circuits  and  the  bus  bars. 

The  two  lamps  connected  in  series  between  the  bus  bars 
showing  if  any  part  of  the  circuit  becomes  connected  to  e 
to  any  conductor  connected  with  earth,  such  as  gas-,  wat' 

steam-pipes,  the  steel  frame  of  the  buildi 
It  is  called  the  ground-detector. 

The  ground  detector  consists  of  tv 
volt  lamps  connected  in  series  with  eac 
and  across  or  between  the  bus  bars 
junction  between  the  two  lamps  is  eo: 
to  earth — i.  c,  to  a  convenient  water-pi 
long  as  the  insulation  of  the  circuit  is  a 
the  two  lights  burn  alike  equally  dim,  sii 
are  designed  for  110  volts  at  their  te 
and  Aey  \\aNe  ^^v\^'  vi?>  nv>\\.^  >\v^dav  the 
uppose  any  po\x\\.  ouX\\e  ^\xqn3:\\.,^P>N&^ 
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acddentally  connected  to  earth.  Then  the  left-hand  light  will 
1 3m  bright  while  the  right-hand  one  will  burn  exceedingly  dim,  or 
sarhapfi  not  at  all.  The  reason  is  that  the  grounding  of  the  point 
put  it  in  electrical  connection  with  the  point  of  junction  of  the 
lamps,  through  a  very  low  resistance.  The  current  through  the 
a5:1it-hand  lamp  is,  therefore,  diminished,  its  terminals  being  short- 
KHmited.  The  left-hand  lamp  will  have  practically  110  volts 
»^ween  its  terminals,  since  the  joint  resistance  of  the  right-hand 
xanp  and  the  other  path  from  J.  to  P  is  exceedingly  small,  and 
>aioe  the  pressure  used  up  being  also  exceedingly  small.  If  the 
ant  P  were  on  the  other  side  of  the  circuit,  the  right-hand  lamp 
^uld  bum  brightly  and  the  left-hand  one  very  dimly.  To  find 
a^  location  of  the  ground  the  switches  are  opened  one  by  one  till 
tmit  one  is  found  which,  on  being  opened,  relieves  the  ground. 
i^  circuit  is  then  examined  in  detail  with  a  magneto  bell. 
t^e  brightness  with  which  one  of  the  lights  burns  gives  an  ap- 
B!*«ximate  idea  of  how  bad  the  ground  is ;  but  only  very  roughly. 
^Tien  real  accuracy  is  desired  a  ground-detector  is  used  consist- 
•^  of  a  voltmeter  whose  zero-point  is  in  the  middle.  It  is  con- 
^cted  so  that  one  of  its  terminals  is  put  to  earth ;  the  other 
^  pressing  one  key  is  connected  to  the  positive  bus  bar.  The 
^lection  of  the  neddle  then  gives  the  leakage  current  flowing 
^  Tough  the  insulation  of  the  negative  side  of  the  circuit.  Ee- 
«wing  this  key  and  pressing  another  key  connects  the  voltmeter 
t^minal  to  the  other  bus  bar  and  gives  the  leakage  current  on  the 
iler  side  of  the  circuit. 

Circuit- breakers  are  switches  so  arranged  that  they  are  opened 
Qitomatically  when  the  current  flowing  through  is  too  great  for 
^e  circuit  which  they  are  designed  to  protect.  When  their  handle 
Cl  being  opened  breaks  the  positive  and  negative  sides  of  the  cir- 
■^it  it  is  called  a  double-pole  circuit-breaker ;  when  only  one  side 
t  interrupted  it  is  called  a  single-pole  circuit-breaker.  The  move- 
ment of  the  handle  is  due  to  the  action  of  a  spring  tending  to 
tjsh  the  handle  outward,  thus  breaking  the  cvYcmX,.  ^\\^w <K^<et^- 
:jing  is  all  right  on  the  circuit,  the  handle  bem^  i^xx^'e^^  \a.  ^^  ^ 
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to  cloEe  the  circuit,  it  is  held  in,  in  spite  of  the  spring,' 

trigger.     If  the  current  gets  too  great,  a  coil  of  wire  in 

of  a  helix,  through  which  the  current  paflsea,  draws  upf 

iron  plunger,  which  hits  the  tri^;er  and  sets  the  handle 
opened  by  thespr 
two  cuts  show  t 
of  a  common 
breaker  of  the  s 
tjpe.  In  the 
which  shows  thi 
open,  the  current 
at  the  back  of  tt 
ment  at  P,  an 
arooDd  the  coi 
terminal  A.  Tb 
handle  ia  closed 

rent  flows  across  to  J5  and  out  to  the  circuit.     The  seco 

showg  the  instrument  in  greater  detail,     ^is  the  trigg 

holds  the  handle  cli>sed.  and 

O  is  the  spring  which  will 

open  it  if  the  triiriier  is  un- 
locked,   C  is  the  iron  pluntrer 

which  is  raised  up  to  hit  the 

trigi^T  whonever  ihe  ourivnt 

ihrrnighthecoilBi-itixiffreat. 

By  turniuir  tlio  -^crt'W  .1/  in  so 

tis  to  rais,'  C.  the  breaker  will 

o(x>ii   at    a    sninller  current. 

By  turning    M  o\».  it   will 

lake  a  lariror  eurrt'nt  to  set 

iitOC 

'vwntors  in  Multiple.— 
^«ttviiiely   ,\>nve«ient 

mton  to  be  iftAft 
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.n  them  in  multiple  on  the  same  set  of  bus  bars,  for  by  this 
agement  when  the  load  is  light  one  machine  will  take  care  of  it, 
as  it  increases  additional  machines  can  be  started  up  and  con- 
ed in  to  the  bus  bars  to  take  care  of  the  increasing  demand, 
shunt  machines  may  be  run  in  multiple  without  any  trouble, 
ing  only  necessary  to  get  the  second  machine  at  the  same  volt- 
as  the  first  by  means  of  the  rheostat  in  the  field  circuit,  and 
I  the  machine  switch  can  be  thrown  in,  thus  connecting  the 
nd  machine  to  the  bus  bars.  Wheil  the  machines  are  com- 
Qd,  however,  they  do  not  work  well  together  without  some 
itional  devices.  Supposing  that  they  have  been  thrown  in 
tiple  and  each  is  taking  its  share  of  the  load  as  shown  by  the 
oeters.  If  the  speed  of  one  machine  diminishes  owing  to. belt- 
page  or  any  other  cause,  its  electro-motive  force  will  be  less 
the  reading  of  its  ammeter  will  diminish.  The  reading  of  the 
aeter  of  the  other  machine  will  increase,  more  current  flowing 
lUgh  it.  Therefore  its  series  coils  will  produce  more  lines  of 
e,  thus  raising  its  electro-motive  force  and  making  it  take  still 
e  of  the  load.  This  will  continue  till  the  higher  pressure 
hine  is  taking  all  the  load  and  the  current  through  the  other 
hine  drops  to  zero  and  reverses  in  direction,  after  which  it 
be  driven  as  a  motor  by  the  other  machine.  Some  device 
t  be  used  so  that  if  one  machine  increases  in  speed  relatively 
ihe  other  one,  the  increased  current  flowing  will  be  sent 
md  the  series  field-coils  of  the  lower  speed  machine.  The 
)mpanying  figure  shows  the  arrangement,  called  the  equalizing 
ledion,  commonly  used.  The  equalizer  connection,  as  here 
wn  by  the  dotted  lines,  was  first  suggested  by  Gramme  for 
es  machines  and  by  Mordey  for  compound.  If  made  suf- 
sntly  heaVy,  it  will  not  only  effectually  prevent  the  reversal  of 
irity  of  any  of  the  machines  so  connected,  but  will,  in  a  great 
sure,  equalize  the  work  done  by  the  generators  under  varying 
litions  of  speed.  Any  number  of  dynamos  may  be  connected 
in  this  manner,  and,  even  if  they  axe  o?  d\S^xeti\.  ^i'^\<^^>JC\^'3s^ 
machine  will  give  current  in  proportioxi  to  \\»  x^V^"^  ^svi^Y^^ 
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provided  tbe  combined  resiststnces  of  the  leads  to  the  bu 
the  armatures,  and  the  series  fields,  are  inversely  proporti* 
the  ampere  capacities  of  the  machines.  Without  the  eq 
connections,  or  if  these  are  not  sufficiently  heavy,  a  chai 
speed  or  of  load  is  liable  to  produce  a  reversal  of  polarity 
deficient  machine,  in  which  case  it  will  ruii  as  a  motor,  suj 
none  of  its  share  of  the  current ;  but,  on  the  contrary,  mal 


additional  load  for  the  other  machines  and  perhaps  cai 

costly  interruption  in  the  operation  of  the  plant. 

The  method  of  proceeding  when  one  machine  is  supplyi 
rent  and  it  is  desired  to  connect  another  up  with  it  is  as 
it  being  understood,  of  course,  that  the  switches   belon 
machine  No.  2  are  open  :  First,  start  up  the  engine  of  No, 
turn  its  rheostat  till  its  pressure  is  the  same  as  that  of 
bars  or  perhaps  one-half  volt  higher.     Then  close  the  sin 
switch  in  the  equalizer  circuit,  shown  dotted,  and  finally  e 
machine's  double-pole  switch  which  connects  it  to  the  hi 
Its  ammeter  reading  will  then  increase,  and  the  rheostat 
of  the  two  machines  are  moved  till  the  ammeters  read  a 
the  machines  are  the  same  size)  and  the  voltage  of  the  bus 
correct.     After  that  the  machines  will  need  little  attentio 
one  drops  in  speed  a  little  current  will  be  sent  around  il 
coil  from  the  other  machine  through  the  equalizer  circi 
keeping  up  its  voltage.   Iwsle^^X  c>*i  ^\.\N<^-^^\^«^\t<!.h  in  the 
id  a  single-pole  avj\td\  in  >.\\^  ^q^^yl^x  Vs^.'a.'s 
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ritch  is  frequently  employed.  In  this  case  the  middle  blade  is 
led  for  the  equalizer  wire,  and  is  so  adjusted  that  it  closes 
.e  equalizer  circuit  just  before  the  other  two  blades  close  their 
rcuits. 

This  method  is  generally  satisfactory,  although   it  does  not 
[ualize  the  load  so  perfectly  as  the  following  method,  devised 
f   Mr.   Edwin    R.   Keller.      This  .method    differs    from    the 
revious  one  in  that  it  will  be  seen  that  this  is  acc6mplished 
f  connecting  the  beginnings  of  all  of  the  series  coils  to  an 
ctra  bus  bar,  to  which  is  connected  also  one  brush  of  each 
achine,  instead  of  connect- 
ig  the  series  windings  di- 
ict  to  the  brushes  and  the 
inctions   of   these,  to    the 
j[uali»ing    bus  bar,  as  in 
•ramme's  method. 

By  arranging  the  connec- 
ons  in  this  manner  it  is 
irident  that  the  currents  in 
le  series  coils  of  the  machines  will,  at  all  times,  be  proportional 
)  the  capacities  of  the  machines,  provided  the  resistances  are  pro- 
ortioned  in  such  a  way  that  the  drop  of  potential  from  the 
rushes  of  all  the  machines  to  the  bus  bars  will  be  the  same  at  full 
md. 

The  diagram,  shows  how  this  method  would  be  arranged  at  the 
«ritch-board.  The  mode  of  operation  would  be  as  follows :  When- 
ver  it  is  desired  to  throw  in  an  additional  machine  the  single-pole 
wtch  is  first  closed.  This  completes  the  series  field  circuit,  and 
e  immediately  have  a  current  in  the  series  coils  of  the  new 
lachine,  which  will  be  proportional  to  its  capacity.  The  rheostat 
I  the  shunt  circuit  is  then  adjusted  until  the  new  machine  geneiv 
;es  the  desired  electro-motive  force.  After  this  is  done  the  main 
ritch  may  be  closed  without  producing  any  further  disturbance 
i  the  electro-motive  force  of  the  system. 
It  has  these  disadvantages,  however:   It  wec^sevXaXies^  ^col  ^^^' 
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tiopal  oondactor  from  the  dynamo  to  the  8witeh-boafd»  an* 
over,  the  full  current  paeaeB  throagh  the  oondactorB,  whi 
replace  the  equalizer.  Hence,  the  first  cost  is  somewhat  n 
and,  further,  a  certain  amount  of  energy  is  lost  in  hea 
conductors. 

Systems  of  Distribution. — ^There  are  two  conmHm 
ments  of  circuits,  called  respectively  the  varies  system 
multiple  dr  parallel  system. 

Series  System. — ^In  this  system,  which  is  the  simpler, 
ductor  starts  from  the  positive  brush  of  the  generator, 
the  positive  bus  bar  of  the  switch-board,  then  out  througl 
lamps  one  after  another,  then  to  the  negative  bus  bar,  an 
back  to  the  negative  brush  of  the  machine.    Such  a  drci 

commercially  satisfactory  n 
earutard  ettrrerd  circuit, 
throwing  on  or  off  lamps  i 
diange  the  value  of  the  cui 
Series  System.  the  lamps  bum   at   theii 

brilliancy  only  when  a  cer 

rent  flows  through  them.    When  lamps  are  thrown  on,  t 

ance  of  the  circuits  is  increased,  and  to  maintain  the  sami 

the  electric  pressure  must  be  correspondingly  raised. 

accomplished  by  a  special  regulator  on  the  dynamo,  as  pi 

explained.    The  pressure  between  the  terminals  of  the  d 

therefore  proportional  to  the  nu mber  of  lamps  burning.     J 

dinary  2000  candle-power  street  arc  requires  a  pressure 

50  volts  between  its  terminals  to  force  the  proper  curi 

amperes)  through  it,  a  circuit  of  100  lights  would  hav< 

ure  at  the  machine  terminals  of  about  5000  volts,  an  e 

dangerous  pressure.    The  lowest  voltage  incandescent 

commercial  use  require  about  50  volts  also,  so  that  it  if 

that  a  series  distribution  is  necessarily  a  high-pressure 

tion  and  therefore  dangerous.    It  has  the  fiirther  disa 

f  Kof  gn  interruption  o?  l\vft  dxexA^.  ^\.  «k^  ^^^<^  V^vxt  la 

i{  the  whole  circvul,  wi^  ^'^^^^  Y^^^  ^^"^  ^^  "^ 
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'4>r  these  two  reasons  it  is  used  only  in  outdoor  distribution, 
liere  the  wire,  being  on  poles,  is  out  of  the  reach  of  any  one, 
Eld  where  any  breaks  in  the  circuit  are  quickly  found  and  re- 
aired.  Its  chief  advantage  is  that,  being  a  high-pressure  sys- 
ftm,  it  transmits  energy  with  a  small  loss  over  comparatively 
aaall  conductors. 

The  Parallel  System. — In  this  system  the  current  from  the 
ynamo  is  divided  and  flows  through  the  lamps,  and  afterward 
3e  separate  currents  are  joined  together  and  flow  to  the  dynamos. 
F  the  resistances  of  the  lamps 
■e  the  same  and  that  of  the 
niea  connecting  them  to  A  B 
bo  the    same,  the  currents 
brough  all  the  lamps  will  be 

like.     By  Ohm's  law  the  cur-  ParaUel  SystemT 

en.t    through    auy    lamp    is 

qual  to  the  pressure  or  voltage  between  A  and  B  divided  by  the 
csistance  of  the  lamp.  Now  suppose  one  lamp  is  turned  off*; 
rill  the  brightness  of  the  others  be  affected  ?  Not  if  the  voltage 
letween  A  and  B  is  kept  constant,  for  the  resistance  of  each  lamp 
B  a  constant,  having  no  relation  whatever  to  the  fact  that  other 
amps  are  turned  on  or  off:  Therefore  the  current  through  each 
if  the  remaining  lamps  is  just  the  same  as  it  was  before  the  one 
wnp  was  turned  off*.  And  as  the  brilliancy  depends  strictly  upon 
he  current,  it  is  likewise  unchanged. 

The  parallel  system  is  therefore  a  constant  potential  or  constant- 
treasure  system,  and  also  when  distributing  direct  to  lamps  a  low-     • 
oressure  system.     In  practice  the  pressure  between  A  and  B  is  not 
:ept  quite  consitant ;  but  so  long  as  the  variation  is  not  more  than 
or  3  per  cent,  it  is  not  noticed  by  the  eye. 

The  arrangement  can,  therefore,  be  somewhat  modified  so  as  to 
ive  wire,  as  in  these  two  figures.     The  wires  E  A  and  D  B  are 
illed  feeders^  the  wires  E  F  and  G  H  are  called  mains,  and  the 
ires  leading  from  the  mains  to  the  lampa  ate  c^iXVe^  bxaucKe^., 
In  the  £r8t  Bgure  the  middle  lamp  y?\\\Wtxi  «.\\\X\fe\i^^'^'^^ 
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than  the  others,  the  two  end  ones  being  the  dimmest,  owing  t( 

loss  of  pressure  in  the  maim 
tween  A  and  E  and  £  and 
one  side  and  A  and  F  and  B 
H  on  the  other  side.  This  los 
be  reduced  to  a  .point  as  Ic 
^         desired  by  increasing  the  sii 

the  mains. 
"jf  In  the  second  figure  the 

between  F  and  H  is  the  din 
and  that  between  E  and  O  the  brightest.  This  second  an 
ment  is  not  as  good  as  the  first,  as  for  a  given  size  of  wire 
is  a  greater  difference  of  brilliancy  between  the  brightesi 
dimmest  lamp. 

The  third  figure  shows  a  somewhat  less  simple  distribi 
where  more  than  one  feeder-circuit  leaves  the  switch-board 
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-D     ,       I n 
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such  systems  the  three  feeders  will  probably  be  of  differer 
wires,  according  to  their  length  and  the  number  of  lights 
carry.  They  will  be  calculated  so  that  the  pressure  lost  on 
is  the  same. 

The  fourth  figure  shows  an  arrangement  very  common  in 
ern  buildings  where  it  is  desired  that  all  safety  devices,  sv 
fuses  and  circuit-breakers,  shall 
be  placed  in  closets.  A  and  B 
here  represent  small  bus  bars  on 
m  small  switch-board,  or  panel - 
board,  as  it  is  generally  called, 
from  which  run  the  circuits  for  a  single  floor  or  perhaps  a 
l&T^e  room.  K  and  L  TepTe?iei\\.\iW'&\»^T&  ^w  ^xs^lVver  ^nel 
*r  floor.     Separale  i^e^ieiT^  twcv  v^  '^'sv.O^,  ^x\A  ^\^  < 
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ced  the  fuses  for  each  separate  circuit  running  from  the  bus 
rs.     There  would  thus  be  on  the  panel-board  A  B  six  fuses,  two 
each  of  the  three  circuits  leading  from  the  bus  bars. 
Modified  Systems  of  Distribution. — It  is  very  common  in 
'allel  systems  to  put  two  lamps  in  series  with  each  other,  and 

tn  connect  them  to  the  mains,       ^^^    . 

ecially  when  arc  lamps  are 
d.  The  reason  is  that  arc 
aps  of  the  open  arc  type  re- 
Ire  only  about  50    volts  at 

ir  terminals,  while  most  incandescent  distribution  is  at  110 
ts.  We  should,  therefore,  be  obliged,  if  only  one  arc  were  to  be 
d,  to  put  in  series  with  it  a  considerable  resistance,  so  as  to  use 
the  surplus  60  volts  in  forcing  current  through  the  resistance. 
Three-wire  System. — An  extremely  important  modification  is 
5  Edison  three-wire  system,  which  is  a  device  for  obtaining  the 
vantages  of  distributing  at 
)  volts  instead  of  110, 
ich,  as  we  shall  see,  intro- 
ces  a  great  saving  in  wire, 
ihout  its  accompanying  dis- 
vantages  of  gi'eater  pressure 
the  lamps.  If  we  put  two  110  volt  lamps  in  series  with  each 
ler  and  then  connect  them  across  the  mains  running  from  a  220 
It  dynamo,  we  shall  have  a  220  volt  distribution  system,  using 
}  volt  lamps,  which  will  work  perfectly  satisfactorily  until  the 
iment  of  some  lamp  breaks  or  till  some  one  turns  it  off.  Then 
}  mate  to  that  lamp,  the  one  which  was  in  series  with  it,  will  be 

extinguished.  To  overcome  this 
W^JX  a  wire  may  be  added  as  shown ; 
Y  I  but  now  if  lamp  6,  say,  be  turned 
^^A  off,  the  current  for  lamps  1,  2, 3, 4, 
T  T  ,  and  5  must  now  pass  through  four 
lamps,  80  t\\a.\.  1 ,  %,  ^ ,  ^\A  \^  ^^^ 
21  with  excessive  brightness  and  w\\\  \:ie  c!^\c^^  ^^<S^<fc^-   ^^ 
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avoid  this  objection  the  following  arrangement  of  Edia 
Two  llO-volt  machines  are  connected  in  series  and  I 
or  neutral  wire  is  connected  to  their  junction.  When 
■ number  of  lamps  ai 

TT75      Ff~l'     °°  "■*  '^°  °' ' 

I     I     j>^            III  wi^e  there  is  no  cu 

I   T  ~^  U     k     i*      ing  through  the  n. 

J     j_    ^^ I      J  the  same  current  flo' 


each  maehiue. 
is  turned  out,  for  example,  the  lower  machine  suppli 
current  necessary  for  lamps  5  and  6,  while  the  upper  c 
supply  the  same  as  before,  the  current  for  one  lamp  re 
the  upper  machine  over  the  neutral.  If  all  lamps  c 
were  turned  out,  the  machine  on  that  Bide  would  fumi 
rent,  and  the  other  machine  would  continue  to  work 
It  is  not  necessary  to  make  the  neutral  so  large  as 
wires,  although  this  is  usually  done.  Where  it  is  de 
able  to  change  quickly  from  a  three-wire  to  a  two-w 
the  neutral  is  made  twice  the  size  of  either  outside  \ 
switch  is  put  in  which  when  thrown  to  a  certain  positic 
the  two  outside  wires  together,  so  that  they  act  as  one 
circuit  under  the  new  arrangement,  while  the  neutral  i 
other  side. 

Size  of  Conductors. — We  know  from  Experiment  '. 

when  an  electric  curreut  traverses  a  wire  it  heats  it  mc 

depending  on  the  strength  of  current  and  the  materii 

size  of  the  wire.    This  heating  represents,  of  course,  so 

waste  of  the  electrical  energy  of  the  current,  and  the  i 

this  loss  in  watU  is  equal  to  the  square  of  the  current 

hy  the  resistance  of  the  conductor,  or,  in  brief,  Cfi,  or 

The  loss  of  pressure — that  is.  the  jimount  necessary  tc 

""rent   C  against  the  resistance  R — is,  from  Ohm's  li 

Aors  must  be  lai^  enough  sm  that  they  will  nol 

safe  amount  (.QtidwYinXtT*  ^Vm^  o.  rise  in  t( 

*  above  tbe  BWTto\mft!vn%  «Ax,"*.>i€ia%  «sw 
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a  greater  degree  of  heating  would  injure  the  insulating  covering 
<if  the  wire),  and  also  that  the  loss  in  pressure  is  no  greater  than 
the  nature  of  the  service  will  permit.  The  sizes  are  calculated, 
£r8t,  to  meet  the  pressure-requirement,  and  then  by  looking  in  the 
table  of  safe  carrying  capacities  we  find  whether  the  size  calcu- 
lated is  large  enough  to  meet  the  underwriters'  requirements.  It 
generally  will  be,  except  for  short  distances. 

The  allowable  loss  of  pressure  on  wires  is  a  matter  which  re- 
quires careful  tlu)ught  and  considerable  calculation  to  secure  the 
best  results.  This  is  especially  the  case  when  the  circuits  supply 
incandescent  lamps,  the  requirements  for  which  are  much  more 
severe  than  for  motors  or  arc  lamps.  Some  general  •  principles 
will  be  laid,  down,  which  if  followed  will  lead  to  satisfactory  re- 
sults. The  pressure  at  any  lamp  should  not  vary  more  than  2  to  4 
per  cent,  under  any  variations  in  the  number  of  lamps  burning ; 
2  per  cent,  would  represent  a  good  result,  and  4  per  cent,  only  a 
fairly  satisfactory  one. 

.  If  there  is  but  one  feeder  from  the  bus  bars,  we  can  obtain 
the  result  of  2  per  cent,  more  easily  in  two  ways.  The  first  one  and 
the  simpler  one  is  to  use  such  size  of  wires  that  the  loss  of  press- 
ure, or  drop,  as  it  is  called,  between  bus  bars  and  lamps  is  only 
2  per  cent,  of  the  voltage  of  the  machine,  which  we  will  suppose 
to  be  110  volts.  Of  the  2.2  volts  allowable,  we  would  use  1  volt 
on  the  feeder,  }  volt  on  the  main,  and  i  volt  on  the  branches  in 
many  cases ;  but  if  the  mains  or  branches  were  very  short  it 
would  be  better  to  use  up  only  \  volt  on  each  and  IJ  volts  on  the 
feeder.  We  would  then  need  to  keep  the  machine  at  constant 
speed,  giving  constant  pressure  at  the  branches,  and  the  desired 
result  would  be  obtained. 

An  equally  good  result  can  be  obtained  much  more  cheaply 
by  allowing  on  the  feeder  a  drop  of,  say,  4  per  cent.,  or  4.4  volts, 
and  1  volt  on  the  mains  and  1  volt  on  the  branches ;  and  instead 
of  keeping  the  voltage  of  the  machine  constant,  raise  it  in  pro- 
portion to  the  reading  o^  the  ammeter.  "WWn  ci\:\^  ^^\siai\  ^Nst- 
rent  Bows  over  the  feeder,  of  course  t\ie  \o«ia  oi  Y^^^^^ssi;^^  *^  ^^ 
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appreciable  and  the  rheostat  of  the  machine  would  be  turned  so 
that  the  voltmeter  reads  110.  When  all  the  lamps  are  bomiii| 
we  get  the  full  drop  on  the  wires,  and  the  machine  should  be  madi 
to  give  114.4  volts,  thus  giving  at  the  junction  of  feeders  ui 
mains  a  voltage  of  110.  There  being  a  loss  of  1  volt  in  mains  ad 
1  volt  in  the  branches,  the  most  distant  lamps  will  bum  under  i 
voltage  of  108.  We  have  thus  a  variation  in  voltage  at  tk 
lamps  of  only  2  per  cent.,  and  have  used  much  smaller  wires,  th 
feeders  being  only  one-quarter  the  area  and  the  mains  ad 
branches  only  one-half  what  they  must  be  by  the  first  method 
If  a  simple  shunt  machine  were  used,  it  would  be  necessary  li 
move  the  rheostat  handle  to  get  the  desired  rise  in  voltage  wixi 
the  load  increases,  and  this  would  require  a  great  amount  of  attei- 
tion.  But  a  compound  machine  oi'er-compounded  4.4  per  oeit 
will  automatically  give  the  desired  pressure  of  114.4  at  fiill  iod 
it*  the  onirine  does  not  slow  down.  Practically  the  over-«» 
pounding  would  bo  made  about  6  per  cent,  to  make  up  for  a  »•! 
dilution  in  ongino-spood  of  about  2  per  cent,  from  no  load  to  ftl 
load.  In  iho  alx^vo  case  even  more  drop  might  be  allowed-Hi 
much  as  10  jvr  cent.,  and  for  very  long  distances  perhaps  moi^ 
tho  oxaot  |x^roon;age  which  is  most  economical  requiring  a  cal* 
hit  ion  not  coming  within  the  scope  of  this  book. 

Whon  ihoro  i<  more  than  one  feeder  the  allowable  drop  &■ 
iToiu  ral.  nuioh  U^i^.  tor  when  one  feeder  is  fullv  loaded  the  o(btf 

m 

u.iw  hv  onlv  liiTiiilv  loadt-d.  On  the  first  the  lights  would  buB 
niiioh  \>^  brijrl.r.v  :han  on  the  second,  on  account  oi  the  li«« 
pro<.<;:vo  on  ir.c  tin?!  Iving  at  its  greatest  value,  whiie  on  the  8(fr 
oHvl  :':u  i\^  is  bii:  Ii::'.o  lo>cs. 

I:"  :l-.o  :\\\lcr<  w^ro  a'.l  '..adr*.!  to  the  same  degree — ^that  is,if^ 
v.wy  wktc  a'.l  ':.a!:*-!::i .:i\i  a:  the  same  time,  three-quarters  loaW 
a  I  :  ■.;  >;-:v.t  :i:rc.  m:  i  >  ■::-. — we  ix^uld  s:ill  allow  a  larje^f'f 
a !  i  d  ^  X :  >.:.:>  :'.\ .'.:  v  v  nc  r  v  •  ov :  bi; :  :  V.  is  is  not  eeneral  It  I  be  cift 
s< »  i\\:\:  • :  is  r:*  :■  c '  \  :\  i  v :  sci  b  *  v  :  •:■  a  *  *.  ■>  w  a  total  d  rop  fivm  ^^ 
6uNi\i   li»   *a:v.v.<o::  v:.  tv:  v:a^v  ^>    "X  \  v<x  «:Yit.,  ahhoufb  in  ip*" 
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rbe  division  of  the  loss  between  the  feeders,  mains,  and  branches 
pends  somewhat  on  the  nature  of  each  case.  If  th«  wires  are 
be  carried  in  an  iron  conduit,  the  branches  should  not  in  gen- 
al  exceed  No,  10.  B.  &  S.  gauge  in  size,  to  facilitate  drawing. 
•  is  not  advisable,  as  a  rule,  to  have  more  than  eight  16  candle- 
)wer  lamps  on  each  circuit,  so  that  by  calculating  the  drop  on 
le  longest  circuit  we  obtain  that  part  of  the  total  drop  which 
B  be  allotted  to  the  branches.  On  the  mains  it  is  rarely  desir- 
•le  to  allow  more  than  i  or  1  per  cent.  The  rest  of  the  drop 
11  be  assigned  to  the  feeders,  which  are  usually  carried  up  some 
re-shaft  or  elevator-shaft  where  access  may  be  easily  had  to 
^m. 

Calculation  for  a  Given  Drop. — Suppose  that  the  feeders  A  C 
d  B  D  are  to  carry  50  amperes  at  a  loss  of  4  per  cent.,  the 
3ssure  between  C  and  D  being  110 
Its  and  the  distance  A  C  1000  feet, 
le  loss  on  A  0  is  equal  to  the  loss  on 
D,  as  they  are  of  equal  length  and  carry  the  same  current, 
e  therefore  have  a  conductor  2000  feet  long  carrying  50  am- 
res,  and  we  want  to  know  what  size  it  must  be  so  that  the  loss 
pressure  will  be  4.4  volts. 

By  Ohm's  law,  in  any  wire  circuit  the  current  in  any  part  of  it 
equal  to  the  pressure  in  that  part  divided  by  the  resistance  of 

£  E 

it  part,  or  C=  ^  or  12==-^,  ^=4.4,  and    C=50.      There- 

•e  Ry  the  resistance  of  the  wire,  =f^  =  .088  ohm.  This  is  the 
listance  of  a  circuit  2000  feet  long ;  1000  feet  of  such  a  size 
re  would  have  a  resistance  of  .044  ohm.  Looking  in  the  wire 
)les  we  find  that  a  4-0  wire  has  a  resistance  of  .048  per  1000 
tt,  so  that  it  is  a  little  too  small,  the  amount  being  4  parts  in 
,  or  about  10  per  cent.  By  taking  a  wire  10  per  cent,  larger 
cross-section  we  get  the  correct  size. 

Example, — Suppose  it  is  desired  to  transmit  energy  to  the  two 
hts  shown  in  the  diagram,  each  \)e\w^  a  ^^  tiaxv^^-^<^^^^^asK^ 
uiring  1  ampdre,  the  total  allowable  \o8ft  ixom\i\>s^\i«x«»  "^  "^^^ 
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farther  lamp  being  3  per  cent,  of  the  initial  voltage,  and  t 
•  being  a  further  requirei 

J "^^'-^^   *         *     ^'^'^      that  no    two   lighte  on 

v>  Q     same  circuit  shall  difie 

pressure  by  more  than  1 
The  initial  pressure  between  the  bus  bars  is  110  volts. 

To  meet  the  second  requirement  the  allowable  loss  betweei 
first  and  the  second  lamp  is  1  volt  in  a  length  of  circuit  of  100 

E 

and  a  current  of  1  ampere.     By  Ohm's  law  B  =  y,=  t  ~  ^  * 

That  is,  the  wire  must  be  of  such  a  size  that  100  feet  will  ha 
resistance  of  1  ohm  ;  1000  feet  of  this  wire  will  have  a  resist 
of  10  ohms.  Looking  in  the  wire  tables  we  find  that  the  nej 
size  is  a  No.  20  B.  &  S.  gauge.  This  wire  is  so  small  that 
mechanically  unsafe  to  use,  underwriters  not  allowing,  on 
account,  the  use  of  a  wire  less  than  No.  14, 100  feet  of  which 
has  a  resistance  of  .25  ohm  nearly.  The  drop  or  loss  of  preg 
in  forcing  1  ampere  through  this  resistance  would  be  .25  X  1  = 
volt.  According  to  the  first  requirement,  the  total  allowable" 
being  3  per  cent.  ( f  110,  or  3.3  volts,  this  would  leave  as 
allowable  drop  from  the  bus  bars  to  the  first  lamp  3.3  less  .25 
or  3.05  volts — call  it  3  volts  in  round  numbers.  The  lengt 
circuit  is  2000  feet  and  the  current  2  amperes.  The  resist 
must  be  f  =  1.5.     If  2000  feet  is  to  have  a  resistance  of  1.5  o 

1000   feet  will  have  a  resistance  =    '  onnn —  ~  '^^  ohm. 

nearest  size  wire  to  this  is  No.  9,  but  as  this  is  a  little  too  si 
and  is  moreover  an  odd  size,  we  would  use  the  next  larcrer 
No.  8.  Two  thousand  feet  of  No.  8  have  a  resistance  of 
ohms,  and  the  drop  would  be  2  X  1.25  =  2.5  volts  to  the 
lamp  and  .25  volt  from  the  first  to  the  second,  making  the 
drop  from  the  bus  bars  to  the  last  lamp  2.75  volts. 

Advantages  of  Usin^  Hv^h  Pressure. — A  given  amoun 
energy  can  be  transmitted  ^\\\\\\e's^^\Q^'^^^^^^^^^'^'?,'^^ 
if  the  pressure  is  increased.     Ku  ^il^^^\^  ^'^  xaak^Sid^^ 
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iippose  it  is  desired  to  transmit  1 100  watts  power  from  one  point 
9  another  1000  feet  distant.  We  may  transmit  it  at  any  one  of 
«rious  pressures,  for  example,  110,  220,  550,  and  1100  volts. 
kt  110  volts  the  current  would  be  ^^^  =  10  amperes.  Suppose 
be  wire  used  is  a  No.  7,  having  a  resistance  of  closely  .5  ohm  per 
.000  feet  The  total  resistance  of  the  line  would  be  twice  this,  or 
.  ohm,  since  the  total  distance  is  2000  feet.  The  loss  in  pressure 
9E=:GJi=10Xh  or  10  volts.  The  total  energy  lost  is 
Ox  Cx  12  =  10  X  10  X  1,  or  100  watts.  Making  similar  cal- 
culations for  transmission  at  the  other  voltages  we  can  construct 
lie  following  table : 


Power 

bmuunitted 

in  watts. 

CXE 

Volts  at 

which 

transmitted. 

E 

Corresponding 
number  of 
amp^es. 

C 

Power 

lost 

in  watts. 

OR 

Volts 

drop 

in  line. 

CR 

10 
5 
2 

1 

Per  cent. 

power 

lost. 

C«J2-^1100 

11. 
2.75 
.0227 
.0009 

Per  cent, 
volts    ■ 
lost. 

CR-i-E 

1100 
1100 
1100 
1100 

110 

220 

650 

1100 

10 
5 
2 

1 

100 

25 

4 

1 

9.9 
2.27 
.363 
.091 

At  1100  volts  the  lost  energy  is  1  watt,  while  at  110  volts  it  is 
100  watts.  That  is,  by  using  a  pressure  10  times  as  great  the  loss 
im  only  one-hundredth  of  what  it  would  be  at  the  lower  pressure. 
We  could  therefore  use  a  wire  whose  cross-section  was  but  one- 
hundredth  of  what  would  be  needed  if  we  transmit  at  the  lower 
(kressure.  The  example  shows  clearly  why  it  is  that  in  long-dis- 
fcance  transmissions,  where  the  cost  of  tho  line  is  a  large  item,  the 
|>res8ures  used  are  so  high,  reaching  to  10,000  and  even  20,000  volts. 

Materials  Used  for  Electrical  Conductors. — Copper  is  used 
almost  exclusively  on  account  of  its  low  resistance  and  fairly  low 
price.  It  is  soft-drawn  for  inside  work,  but  hard-drawn  for  out- 
side conductors  on  account  of  the  increased  tensile  strength  given 
"by  the  hard-drawing  process.  Iron,  which  was  formerly  used 
largely  on  telegraph  circuits,  is  used  to  a  limited  extent  on  short 
lines  on  account  of  its  cheapness.  It  is  never  used  for  electric 
lighting  or  power  circuits.  Aluminum  has  matvy  i5iT0\>etNiAfc^^^\^ 
Tiake  it  useful,  and  if  the  cost  of  producUoii  ^\vo\M  ^'^  ^gs^^ 
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below  its  present  figure,  about  30  cents  per  pound,  it  will  1m 
an  important  rival  of  copper. 

Inisulation  of  Wires. — ^Telephone  and  telegraph  wires  stmngj 
outdoors  on  porcelain  or  glass  insulators  are  not  covered  with  vxj^ 
insulating  material,  and  electric  light  and  power  wires  in  unin- 
habited or  sparsely  settled  districts  may  be  left  bare  likewise ;  but 
in  towns  and  cities  they  are  always  coated  with  an  insulating  ma- 
terial. All  wires  for  inside  work  are  also  covered.  For  outside 
work  the  wires  have  two  braids  (the  best  quality  three  braids)  of 
cotton  woven  tightly  around  them  and  soaked  in  a  fairly  wate^ 
proof  bituminous  substance  which  serves  to  prevent  the  cottoi 
braidings  becoming  wet.  Such  wires  go  under  the  name  of 
double-  or  triple-braided  weather-proof.  A  modified  form  of  thiij 
wire,  known  as  fire-  and  weather-proof,  has  been  largely  used  for 
inside  work.  The  inner  cotton  braidings  are  impregnated  with  white 
lead,  which  is  a  good  insulator  when  dry  and  which  makes  the 
inner  cotton  braid  very  difficult  to  burn.  The  thin  outer  braid- 
ing, soaked  in  weather-proof  compound,  serves  to  keep  the  inner 
coatings  dry.  Both  these  wires  are  giving  place  to  wires  covered 
with  rubber  compounds,  which,  although  much  more  expensive, 
are  much  better  insulators.  An  outside  braid  is  put  around  the 
rubber  coats  to  protect  them  from  abrasion.  The  quality  of  the 
rubber  insulation  on  wires  depends  largely  upon  the  percentage  nf 
pure  rubber  in  its  composition,  which  varies  from  30  per  cent,  up- 
ward. The  inner  coat  is  made  of  either  vulcanized  white  or  red 
rubber  in  the  best  wires,  as  black  rubber  contains  sulphur,  which 
attacks  the  copper. 

Cables. — Where  the  conductors  are  to  be  laid  in  water  or  in 
vory  (lamp  places,  as  in  underground  work,  or  even  the  duct* 
leading  from  dynamos  to  switch-board,  the  insulated  wires  are  en- 
cased in  lead  y^r  inch  or  more  in  thickness.  Such  conductors  are 
known  as  cables.  For  such  work  use  is  made  of  other  insulator? 
besides  those  described  above,  such  as  fibre,  jute,  and  paper,  the 
thirkno^i^  of  insulation  bem^  \xveTe^^^vi  vci  \»xQi^t\Aaw  to  the  siie 
of  wire  iiiul  the  pressure  used. 
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k^ire  Gauges. — ^There  are  several  different  gauges  in  use,  the 
dard  in  this  country  being  the  Brown  &  Sharpe  (B.  &  S.). 
following  table  gives  the  principal  gauges  in  use  and  their 
parative  dimensions : 

Wise  Gauges  in  Mils. 


EoebUng. 

BVuwik 

Sharpe. 

FH**ft?s^fiin 

Niim1)eiB. 

or 

Stubs. 

New  British 

* 

€00000 

400L 

• 

•••••^» 

464. 

00000 

48a 

••••••••• 

••••••tf 

432. 

oooo 

898. 

460. 

454. 

4oa 

ooo 

862. 

409.6 

425. 

872. 

00 

88L 

864.8 

880. 

848L 

0 

807. 

8219 

84a 

824. 

1 

283. 

289.3 

8oa 

8oa 

2 

268. 

257.6 

284. 

27a 

8 

214. 

229.4 

25a 

252. 

4 

225. 

204.3 

238: 

232. 

6 

207, 

181.9 

22a 

212.. 

6 

192. 

162. 

208. 

192. 

7 

177. 

144.3 

18a 

17a 

8 

162. 

128.5 

165. 

loa 

9 

148. 

114.4 

148. 

144. 

10 

135. 

101.9 

.184. 

^ 

U 

120. 

90.74 

12a 

12 

106. 

80.81 

109. 

101 

18 

92. 

71.96 

95. 

9a 

14 

80. 

64.08 

88. 

8a 

15 

72. 

57.07 

1% 

72. 

10 

68. 

60.82 

65. 

64. 

17 

54. 

45.26 

68. 

5a 

18 

47. 

40.8 

49. 

4a 

19 

41. 

85.89 

42. 

40. 

20 

85. 

31.96 

85, 

da 

21 

82. 

28.46 

82. 

82. 

22 

28. 

25.35 

28. 

2a 

23 

25. 

22.67 

25. 

24. 

24 

28. 

20.1 

22. 

22. 

25 

20. 

17.9 

2a 

20. 

26 

18. 

15.94 

18. 

la 

27 

17. 

14.2 

16. 

16.4 

28 

16. 

12.64 

14.. 

14.8 

29 

15. 

U.26 

13. 

18.6 

80 

14. 

10.03 

12. 

12.4 

31 

13. 

8.93 

la 

11.6 

82 

13. 

7.95 

9. 

10.8 

83 

U. 

7.06 

8. 

la 

84 

10. 

6.8 

7. 

a2 

mil  =■  one-thousandth  of  one  inch. 

e  area  in  circular  mils  equals  the  square  of  tVie  d\'sv'm^\,eT  m  tcv^. 

4G 
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xMouBH  BYnra— BBOwir  a  sbakpb  oU)^ 


1 

J 

Si 

||« 
S3tJ 
< 

wetems. 

Rerin&ncCB  SKI  1 OOO 

teat  ia  InleiuBiioul 

otiuu. 

feet. 

MC* 

AtMop. 

AXWT. 

"1 

1 

II 

i 

2&3. 

2887. 
2129. 

laes. 

.0M39 
.1219 

.outs 

1 

i 

162. 

IE 

28  3U. 

a 

lae. 

im. 

79. 

1061. 
B3B. 

119. 

is 

.107  9 
.200* 

Si 

.4004 

T 

i! 

1 

20  7». 
16304. 

lis 

1 

2G2! 
208. 

at 

1 

Ifl 

SiS: 

409S. 

IS; 

1; 

1 

62. 

1 

!911 

I.60t 

3.234 
4.04 

1 

i2se: 

i 

ic;^ 

7!t»s 

If 

24 

25.5 

soil 

]5;9 

640,1 
25-18 

il 

8:2 

a 

J6.41 
41.66 

30 

11.3 

m' 

:39 

h 

If 

If 

36 

8. 

|. 

.]9 

:oTO 

f 

159.1 

is 

i 

42a 

There  are  two  puiabs  in  this  table  which  will  b«  found  m^  to  i«mci 
anii  very  convenient  in  piacUce — namely,  that  the  resistaDce  of  1000  f«- 
A'ci.  J  0  IS  al  mo.«  e  xacHy  1  ohm  al  TTi°  T . ,  &vi4  fttt't » t\ia»w.  ^A 'ftiKfc  ftaiBi  e 
lislvve  or  doubles  the  reaistftivcc,  ftMwriio&i*  ■««  lo  'o.k  ot^j 
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Diame 

lera. 

WelgbU. 

CimHar 

gauBB. 

inch. 

Ncanat 

S 

Mile. 

lomooo 

im 

3050 

16104 

1.125 

IK 

2888 

.0U0« 

SOD  000 

1.092 

lA 

27*5 

U4M 

.on  a 

swoon 

i.osa 

2598 

.0128* 

lA 

2440 

760  000 

.e» 

1 

2288 

12078 

TOO  OX) 

.MS 

2135 

U27a 

'.015  01 

«50DI» 

I98S 

104S8 

eooooo 

.891 

1830 

Boca 

.017  51 

^.._ 

UOODO 

im 

8  857 

.0191 

.819 

H 

1525 

8053 

.02101 

ISO  000 

1S7S 

7  247 

.028  U 

WDDOO 

.7J9 

1220 

.02827 

850  000 

.079 

.030  OZ 

.630 

% 

.03502 

ISO  000 

782 

4028 

JM203 

.880 

646 

.049  W 

QUO 

188 100 

.470 

.002  Bl 

133  225 

.420 

4oe 

2144 

mm 

% 

822 

1700 

.099  48 

WB2I 

.830 

tt 

.1258 

tesM 

291 

203 

1072 

.157  9 

•w«i 

645 

.2004 

41  CIS 

.J51 

__« 

.251 S 

Tensile  Strength 

OF  Copper  Wire. 

gauge.' 

Breaking  irelghl. 

B.  AS. 
gauae. 

Breaking  weight. 

Hard  drawn. 

Annealed. 

Hard  drawn. 

Annealed. 

'% 

si 

11    ■ 

11 

307 

349 

i 

!1 

19S7 

ii 

16 

133 

138 

■  I 

'S 

565 
440 

W 

\     I 

55 

\    \ 
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IJTSUIUIIICB  BCI.K8  FOR  CAKnYnrO-CAPACITT  OF  Vm 


HalTofBDi^ 

XtttOIlAl 

Staimtl  Bowd  of 

ftMe.FM 

as 

a."-' 

i^^iiSJ 

Conoaaled.  Open  work. 

18 

B- 

t 

■      6 

s 

Oaltanizep  Iboit  Wibe. 


e"o' 

5 

.y 

fiiet. 

One 
mile. 

Iran. 

..... 

EB.B 

B.B. 

aeeL 

MD 

not 

1607 

laa 

907B 

Z» 

3  47 

,. 

Mil 

a» 

3  7Sa 

7008 

6.2 

!M 

S363 

esss 

4.91 

6.8 

an 

era 

2794 

BiSS 

6.04 

6.9 

SH 

149 

797 

2861 

4441 

6.97 

6.99 

8.26 

,i 

m 

127 

m 

201S 

8801 

6.99 

818 

»«fl 

m 

573 

1T19 

8;a 

9.6 

11.3) 

m 

450 

1350 

IMi 

10.« 

iza 

T2 

378 

12.42 

14a 

bB 

905 

916 

1720 

1S.44 

18.09 

iu& 

in 

1S4 

47 

250 

760 

1410 

18.«3 

22.04 

2a.H 

sa 

eoo 

23.48 

27.48 

IS.48 

33.S 

SS.M 

B7B 

70ft 

*a«s 

6La 

14 

83 

18 

« 

288 

641 

49.08 

BT.4* 

67.88 

IH 

n: 

1S.I 

73 

218 

401 

a5.2» 

76.33 

90.21 

«o 

332 

93.66 

IT 

A1 

!«, 

m 

138. 

■V 

19 

e.3 

u" 

\^ 

\^*^ 

A^ 
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Weatherproof  Wire. 


Doable  braid. 


Weights. 
Founds. 


Triple  braid. 


24 
22 

18 
17 
1& 


15 
14 
12 
11 
10 


9 
8 

7 
6 


Weights. 
Pounds. 


1000 
feet 


775 
680 
490 
400 
806 


268 
210 

145 
112 


78 
56 

85 
26 
20 


16 


Mile. 


4092 
8826 
2587 
2112 
1616 


1415 

1109 

866 

766 

591 


412 
290 
185 
137 
106 


85 


Approxi* 
.  mate 
weights. 
Pounds. 


Reel. 


2000 
[2  000 
500 
500 
500 


500 
600 
250 
260 
275 


200 
200 

•  ••M 

•  •••• 

•  •••# 


Coil 


250 
250 
250 
250 
250 

'wS' 

250 
125 
180 
140 


100 

100 

25 

25 

25 


25 


Stranded  Weatherproof  Feed  Wire. 


Circular 
mils. 


1000  000 
900  000 
800  000 
750  000 
700  000 


650  000 

eoojDoo 

550  000 
500  000 
450  000 


400^000 
850  000 
80UO0O 
250  UOO 


Outside 

diameters. 

Inches. 


l!^ 

IS 

lA 


II 


Weights. 
Pounds. 


1 000  feet. 


8550 
8  215 
2880 
2  713 
2545 


2  878 
2  210 
2043 
1875 
1703 


1530 
1358 
1185 
1012 


Kile. 


18744 
16  975 
15  206 
14  325 
13  438 


12  556 

11668 

10  787 

9900 

8992 


8  078 
7170 
6  267 
5  343 


Approxi- 
mate 
length 

on  reels. 
Feet 


800 
800 
850 
850 
900 


900 

1000 

1200 

1320 

1400 

1450 
1500 
1600 
1600 


he   table  is   calculated   for    concentric  strands.      Rope-laid 
nds  are  larger. 

Ire  and  weatherproof  wire  has  a\)OU\.  \Xv^  ^^\s\^  ^^v^N.  '^"^^ 
de  diameter  as  triple  braid  wealkeT^xooi, 
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Cbesoent  Bubbbb  Wibb. 

SrBAKDXD  OQNBIJOIOB0. 


- 

flbmoTvlnBiB 

GtranlAr 

diani* 

CteMi 

Jnidbm, 

perlOQO 

gtnntfi.  B.*aO. 

^H^^^pWvB^HH  # 

llBSlliil 

'*••••■•» 

1000000 

lA 

»IOO 

8 

n 

•••••>•» 

900000 

lU 

S830 

8 

u 

800000 

I4k 

8080 

•8 

It 

•••••••• 

700000 

IJb 

2080 

.     10 

12 

•••■••di 

000000 

Uk 

2810 

• 

JiO 

12 

500000 

1^ 

1805 

.     10 

X* 

•••M«M 

460000 

Ug 

1138 

10   . 

,14 

••••••M 

400000 

1 

^600 

10 

.14 

•••••••• 

850000 

n 

1878 

10 

14      * 

•*•••••• 

•800000 

lltt 

19 

14 

2QO00O 

« 

898 

10 

M 

oooo 

••••••••• 

u 

880 

10 

1ft 

000 

M 

726 

10 

18 

00 

••— — 

H 

.818 

• 

u 

.14 

Crescent  Rubber  Wire. 


SMALIiEB  SIZES. 


in 


0 

1. 

2 

9 

4 

5 

6 

8 
10 
12 

14 
16 
18 


Outside  diameters  in  I 
82d8  of  an  inch. 


SoUd. 


18 
16 
14 
18 
12 

11 
10 

9 

8 

7 

8 
8 

4 


Strandc 


12 

U 

10 

8 

7 


Weffl^tri 
per  1000 

feet. 
Pomiids. 


489 
898 
809 
244 
196 

168 

146 

106 

77 

56 


Sises  of  wirM  in 
strand.   B.  dt  8. 0. 


Eegnlar. 


12 
12 
12 
18 
14 

15 
16 
18 
20 
20 


b     \      «&     \     "a 


Flexible. 


18 
18 
18 
•  18 
20 

20 
20 
22 
25 


V 
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Lead-encased  Cables. 


ben. 
&0. 

dxciilar  mUB. 

% 

Oatslde 
•diameters. 

Weights, 
1000  feet 

Inches. 

Pounds. 

looaooo 

lit 

6685 

900000 

1» 

6228 

800000 

1» 

6773 

750000 

1% 

6543 

700000 

lii 

6315 

650000 

ift 

5068 

000000 

w 

4857 

650000 

iH 

4630 

600000 

1* 

4278 

M 

450000 

1% 

8923 

•• 

400000 

itt 

3619 

•  • 

850000 

lA 

8416 

•  • 

800  000 

IK 

8060 

•• 

250000 

lA 

2732 

0 

2U600 

lA 

2533 

0 

168100 

•     lA 

2300 

0 

13322S 

1 

2021 

0 

105625 

if 

1772 

1 

83  521 

H 

1633 

2 

66  564 

% 

1482 

3 

62441 

H 

1360 

4 

41616 

% 

1251 

6 

26  244 

ii 

1046 

Amperes 
causing 
14°  F.  rise. 


624 
680 
514 
489 
454 


439 
411 
885 
362 
837 


327 
298 
270 
242 
221 


190 
157 
135 
115 
100 


86 
73 
51 


hods  of  Carrying  Conductors. — These  may  be  divided  into 
isses  ;  open  work,  where  the  conductors  are  in  plain  sight ; 
mcealed  work,  where  they  are  hidden  from  view.  Open 
8  used  only  in  mills,  factories,  and  similar  buildings,  where 
•ance  is  a  secondary  consideration.  The  wires  are  fastened 
celain  insulators  by  means  of  tie  wires.  Wherever  it  is 
iry  to  pass  through  a  floor  or  partition  the  wires  pass 
:h  porcelain  or  glass  tubes  placed  in  the  partition  or  floor. 
WfOrk  has  the  advantage  of  cheapness,  aud  Kvc\r^o<^x  ^^'^ 
ire  quickly  detected  and  repaired.  CoT\ee«\^^  \qat^  "k»».^ 
her  subdivided  into  moulding-work,  poTC/^-ac^^-^^^^  *^^ 
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oonduitrwork.  -  lii  moaldu^work  die  wiieB  aie  phced  in  gi 

rtrips  of  wood  of  MCtioii  amilsr  tc 
shown  in  the  dralflli,  and  aie  tliea  «■ 
by  a  cBfffSam  of  wood  wliiiA  ii  senw 
As  moist  wood  is  not  a  good  insidsto 
work  must  not  be  used  in  damp.pho 
underwriters  do  not  permit  its  nse  in  loAs  or  in  anyplaee 
is  not  on  the  surfiica  Concealed  porcdain-wofk  is  predse 
open  work,  except  that^  being  out  of  sig^t,  it  is  not  soneaU; 
Conduits  madeof  various  materiab  have  come  into  use 
the  last  few  years.  The  fundamental  idea  of  a  conduit  is ' 
vide  a  raceway  which  may  be  installed  during  the  consti 
of  the  building  and  into  which  wires  may  be  afterward  < 
In  case  of  any  injury  to  the  wires  after  they  are  in  pkoe  it 
pected  that  they  can  be  easily  withdrawn  and.  replaced  1 
wires.  A  suitable  conduit  should,  therefore,  be  strong  eno 
protect  wires  within  it  ftom  the  accidents  that  are  liable  tc 
to  it,  such  as  by  hammering,  jarring,. etc.,  and  it  should  ak 
a  smooth  inside  surface,  so  as  not  to  scratch  the  insulation 
the  drawing-in  process.  Moreover,  it  should  not  be  attac 
moisture,  cements,  or  plasters.  The  early  conduits,  such  a 
ducts,  brass-armored  fibre-ducts,  and  circular-loom  condu 
not  fulfil  these  requirements,  and  have  almost  entire!} 
way  to  an  iron  or  steel  conduit.  At  present  these  consi£ 
iron  or  steel  pipe  lined  with  fibre,  wood,  or  rubber  con 
partly  to  secure  a  smooth  inside  surface  and  partly  to  i 
insulating  the  wire.  It  is  probable,  however,  that  this  ins 
lining  will  be  done  away  with  either  by  improving  the  i 
of  making  the  pipe  so  as  to  secure  a  smooth  inner  surface 
means  of  an  enamel.  If  these  pipes  are  made  thick  enough, 
suits  are  entirely  satis&ctory.  In  a  conduit  system  the 
and  negative  sides  of  a  circuit  are  carried  both  in  one  tube, 
for  alternating  currents  an  excessive  drop  in  pressure  occu 
«e//-induction  due  to  tVie  iron  uiAeaa  >i>D\^\&  ^w^fc,  ^V^^xa 
*o  do  this  anjway.Viecaxiafc  %xvi  \xwM^«^  \b.  ^ 
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J8,  such  as  overheating  due  to  short  circuits  or  leakages,  are 
ined  within  the  pipe  and  do  not  give  rise  to  fires  in  surround- 
woodwork.  Bends  are  made  by  elbows  and  couplings  or  by 
ifiilly  bending  the  pipe.  Such  a  system  is  practically  obliga- 
in  modem  fireproof-constructed  buildings,  and  is  used  alto- 
er  in  3pite  of  its  high  cost. 

ppliances  Used  on  the  Line. — A  considerable  number  of  de- 
3  have  come  into  use  on  electric  circuits  for  making  the  dis- 
ition  of  electrical  energy  as  convenient  and  as  safe  as  possible. 
)ng  these  are  fuses,  cut-outs  and  circuit-breakers,  switches, 
ets  or  receptacles,  insulating  joints,  dimmers,  etc. 
he  fuse  is  used  to  prevent  wires  being  traversed  by  a  current 
re  the  safe  carrying  capacity.  It  consists  usually  of  a  small 
3  of  an  alloy  of  lead  and  zinc  soldered  to  two  copper  termi- 
slotted  so  as  to  admit  the  stud.  They  are  inserted  at  every 
t  in  a  circuit  where  the  wire  diminishes  in  size  and  are  placed 
le  circuit  of  the  smaller  wire.  The  figure  shows  how  this  is  done, 
larger  wire  being  led  into  two  blocks  having  each  a  threaded 


Fuse.  No.  10.  No.  8. 

I  carrying  a  nut  and  washer.  The  smaller  wires  run  into  simi- 
blocks  and  the  fuses  ar^  put  on  with  their  copper  terminals 
iped  securely  under  the  nuts.  The  safe  carrying  capacity  of 
10  wire  for  concealed  work,  as  given  by  the  underwriters' 
e,  is  25  amperes.  The  fuses  used  ought  to  be  such  that  they 
Id  melt  and  thus  interrupt  the  passage  of  current  over  the  No. 
dre  in  the  above  cut  if  any  accidental  leakage  should  allow 
e  than  25  amperes  to  flow  through  it ;  but  as  practically  the 
B  made  of  a  certain  size  and  intended  to  blow  at  t\v\%  oNvt^^sstt^r 
igth,  may  blow  at  a  smaller  current-slTetv^XXv  ot  ^\a.^'^^  <^'^^> 
wajr  of  25  to  80  per  cent,  is  allowed,  and  a.  i\x^^  \asv.^^^  "^ 
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blow  at  25  amperes  is  one  which  it  is  expected  will  actuillj  mdl 
at  30  to  35  amperes. 

The  UDcertaintf  of  the  action  of  fuoes,  eepeciall;  in  laige  n| 
has  led  to  the  uee  of  circuit-breaken,  which  were  deoilM 
under  the  heading  "Switch-boards."  In  the  ojunion  uf  A 
authore,  the  use  of  fuses  above  50  amperes  is  extremelj  aaim 
able  unleas  much  greater  care  is  taken  in  testing  and  nnng  tba 
than  is  the  case  with  the  ordinary  commercial  product 

Cut-outs. — The  combinatioD  of  fuse-blocks,  studs,  and  ecni 
or  nuts,  with  convenient  terminals  for  holding  the  wires  ibi 
mounted  on  a  piece  of  slate,  marble,  or  porcelain,  is  called  i  a 
(nU.  When  the  smaller  wires  continue  in  the  same  general  din 
tion  as  the  larger,  the  pattern  used  is  called  a  main  line  ciitKH 
and  when  the  directions  are  at  ri^ht  angles  the  pattern  is  bnoi 
as  a  branch  cut-out    Cuts  of  both  styles  are  shown.  Thejsbn 


□  Line  Cut-out.  Branch  Cut-out. 

bc!  furni.shwi  with  a  cover  of  slate,  porcelain,  or  mica,  so  llisl 

the  fuse  blown  when  Kome  trouble  occurs  there  will  be  no  danj 

of  injury  or  defacement  by  the  panicles  of  melted  fuse-nictal. 

Switches  ill  their  action  correspond  to  valves  in  thul  tlieri 

uawl  lo  throw  on  and  shut  off  current.     They  differ  from  vair 

in  that  tlicy  either  s^hut  it  off  entirely  or  throw  it  on  eolirti 

there  beinj;  no  iutermediate  positions  by  which  the  strength  v(f 

rent  can  bc  rCKiilati'd.     If  this  is  desired,  a  dimmer  must  Wu« 

Switches  are  ningln  pole  if  one  side  of  the  circuit  is  ojx'ned  » 

dwcd  by  them;  double  jxi^i;,  if  buth  sides  are  coDtrollei):  «i 

triple  pole,  if,  ua  in  some  caacfti'Aw^a.'KitXw.-aSi^'w.TOa&H.NfttwiU 

three.  Bwitcli-blades,  v>\uc\i  ovc^  awi  t\«&c 'Oatea 'sw-a.    K4a 
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nlcb  is  one  by  iiieaiis  of  wliicli  the  blades  cau  be  throwB" 
.•onneclion  with  either  of  two  ciruuita.     It  is  frequently  used 

a  building  ia  to  be  lighted 
nost  of  the  time  by  ita  own 
.,  but  in  case  of  emergencies 

be    lighted   by  some   other 


3in El e -throw  Switch. 

,.  In  sucb  cases  the  hinged  blade  is  connected  to  the  circuit 
e  buildings,  the  upper  terminals  to  the  plant  of  the  bnild- 
tnd  the  lower  terniinalid  to  the  outeide  plant,  and  vice  verm, 
life-blade  switches  are  those  above  illustrated,  in  which  the 
ict-making  piece  haa  a  ahape  somewhat  like  a  knife-blade  and 
o  hinged  at  one  end. 

ap  switches  are  switches  specially  shaped  to  secure  greater 
lactness,  and  are  also  provided  with  a  spring  wliich  makes 
notion  of  the  contact  piece  positive.  Once  started,  it  goes 
r  to  the  position  of  ii^fAe  or  to  that  of  break,  it  not  being 
ble  for  it  to  stop  at  a  pfjsition  of  par- 
ir  imperfect  contact  Snap  switches 
rovided  with  covers  which  prevent 
ns  from  accidentally  touching  the 
jctors  and  thus  receiving  au  electric 
[.  For  this  reason  they  are  used  in 
s  and  nearly  all  locations  except  on 
h-boarda  and  panel-boards.  They 
lade  in  sizes  up  to  100  amp(>n>8  ;  but  '  ^""i*  Switch, 

ly  current  above  25  amperes  it  is  generally  advisable  to  uae 
-blaile  switches,  as  the  latter  are  muc\i  Xes?.  \\iM\fe  V>  ^"S'fe 
WtacL",  broken  ^arta,  * 
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wliicli  shall  be  in  conspicuous  a  specially  dtsigDed  tat 
Bwitch  id  made  so  thut  itocuvl 
iug  plate  can  be  set  fliuli  ni 
the  wall.  It  is  operated  | 
turning  a  hauille  iu  eonie  p 
teruB,  or  by  pushing  one  bull 
t(i  open  and  another  to  (M 
the  circuit  iu  another  pattti 
The  cut  abows  the  style  udupl 
bj  the  corapany  whlcb  flrstmi 
the  Hush  type  nf  awitclies. 
>kere  it  ie  desired  to  turn  lait 


puiiits 
shown 


I 


-&1- 


3-way  switches 

'on  or  oil  from  either  of  twi 
The  method  of  connection 
in  the  diagram  a  3  way  switch  be 
ing  plaLed  at  each  point  The  hg 
shows  the  lamps  burning 
Throwing  cither  switch  ndl  cstin 
guiah  them  afttr  which  a  movement 
of  either  will  agam  light  them 

4-way  or  Commutation  Switches. — By  means  of  theK  i 
two  3  wjj  switches  it  is  possible  to  control  lamps  from  any  tttti 
any  number  of  pmnti  In  the  diagram  the  lamps  are  AO 
burning  If  any  switch  is  turned  into  I 
dotted  pcsition,  the  lamps  will  !}»  ol 
guished.  If  now  any  switch  is  tiimed,d 
'      will  burn  again.  i 

Chandelier  Switches.— -Another  a|Ni 
y     s^ntch  is  so  arranged  that  by  tununf 
onp-quarter  round  one  light  on  the  d 
y      dolier  will  burn,  another  quarter  lightt 
ditional  lamp?,  n  third-quarter  turncai 
all  the  IninjB  to  burn.  "whUe  Uw  fottrth-c^uarter  turn  eslingail 
all  (.f  thpni. 
Contact  Surfaces.— ^W  TC\».x:\v-e  <\«.^\\v-j  *&  mr^j^H 
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rgely  upon  the  quality  of  workmanship.  The  parts  muBt, 
Be,  be  designed  large  enough  to  carry  the  current  without 
^ble  heating.  It  is  usual  to  allow,  where  the  current 
through  solid  copper,  a  current-density  of  1000  amperes 
lare  inch  of  crose-Bection,  and  for  brass,  whose  specific  re- 
i  is  much  greater  than  that  of  copper,  a  lees  density  depend- 
the  percentage  of  copper  in  the  brasB.  Where  the  current 
through  the  contact  surface  of  two  pieces,  as  from  blade  to 
18  most  careful  workmanship  is  needed.  The  blades  should 
md  in  and  should  touch  along  the  whole  surface  of  the  clip, 
this  is  the  case  a  current  of  about  100  amperes  per  square 
contact  surface  can  be  safely  allowed,  but  for  the  ordinary 
anship  found  on  most  switch-boards  75  amperes  per  square 
ould  be  safer.  Where  the  contact  is  mftde  between  two 
lieces  smoothly  laced  and  parallel  and  held  together  by  a 
proper  size,  a  density  of  200  amperes  per  square  inch  of  con- 
rfaee  can  be  allowed. 

cets  are  mechanical  arrangements  for  holding  a  lamp-bulb 
but  still  allowing  it  to  be  easily  withdrawn.  Electrically 
ake  contact  between  the  two  wires 
■f>  them  and  the  terminals  of  the 
ilament.  Key-sockets  have  in  ad- 
a  tiny  single-pole  snap  switch 
interrupts  this  contact.  They  are 
)f  different  styles  to  fit  the  various 
ases,  the  principal  of  which  are 
iison,  Thomson-Houston  (T.-H.), 
estinghouse, 

epiacles. — A  receptacle  originally 
used  socket  made  so  as  to  screw  to 
il  or  ceiling.  Latterly  the  term  tn- 
a  very  useful  device  called  the  at- 
!nt-p!ug,  which  is  employed  where 
esired  to  use  current  temporarily 
have  a  Sexible  connection  between  \-\ie  mcviSV  aa^  'Cwi\*«™«i\ 
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■motor,  or  other  device  in  which  curreDt  is  to  be  used. 
•  receptacle  consists  of  a  porcelain  box  with  two  terminal 


w 


Chapman  Roceptacla  and  Pl\ig.  Plug. 

|the  circuit  wires  are  led.     These  terminals  are  each  in  connee 

flat  piece  of  copper.     The  jiliig  to  which  the  flesiblct 

ductors  are  attached  has  also  two  terminals,  likewise  ouimci 

through  fuses  to  flat  contact  pieces.     When  the  plug  b  puah« 

the  receptacle  contact  ia  made  and  the  flesible  corda  and  appon 

attached  are  connected  to  the  circuit-     When  out  of  usethej 

is  pulled  out  and  a  hinged  lid  drops  down  and  covers  the  coali 

The  flexible  cord,  while  extremely  convenient,  b  one  of 

I  least  safe  parts  of  an  electrical  ttysteni.     A    cut-out    conuit 

a  therefore  always  placed  at  its  junction  with  the  nuiiti 

Bicuit.    With  the  receptacle  this  cut-out  ii^  in  the  plug.    In  o 

ases  it  is  a  small  porcelain  afiair  of  variouB  Bhapes,  and  19  bi 

a  K.  W.  or  a  ceiling  roaetU;. 

Insulating  joints  are  u)<ed  wherever 
~  tures  are  combination  gas  and  electric.  ' 

are  ina^le  in  two  parts  insulated  from 
other.  The  upper  part  is  connected 
trically  to  the  gaa-pipe  system,  sinon 
screwed  on  to  the  end  of  the  gas-pip«. 
lower  side  is  likewise  connected  electri 
to  the  fixture,  since  the  latter  is  scf 
into  the  joint ;  but  owing  to  th^-  insul 


Insulating  Joint. 
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le  fixture  does  not  connect  the  conductor  to  the  earth  through 
LS-pipe  system. 

nmers. — ^A  dimmer  is  an  adjustable  resistance  or  rheostat 
is  placed  in  series  with  the  group  of  lamps  whose  brilliancy 
esired  to  vary.    Turning  the  dimmer 
e  one  way  throws  more  resistance  in      D— 


LA 


9? 


with  the  lamps,  and  therefore  cuts      ^ 

the   current  flowing  through  them, 
i,  of  course,  makes  them   burn  more 
.     Turning  the  handle  the  other  way 
be  opposite  effect.     They  are  princi- 
used  in  theatres  and  halls.     Since  they  cut  down  current  by 
»osing  their  own  resistance,  they  are  heated  up  to  a  consid- 
i  extent  and  should  be  mounted  like  any  rheostat  on  slate 
irble,  or  some  incpmbustible  substance. 


CHAPTER  XXXIII. 

THE  BLBOTRIO  LIGHT. 

5  Lamps. — ^When  a  current  from  a  source  of  some  50  volts 
ire  is  passed  through  the  junction  of  two  pieces  of  carbon, 
hese  pieces  are  then  separated  about  -^  inch,  an  intensely 
int  white  light  is  produced,  which  is  called  the  electric  arc. 
le  intense  heat  produced  the  carbon  6n  the  positive  side  is 
•ized.  Part  is  burned  in  the  air,  while  a  small  amount  is 
)d  over  to  the  negative  carbon.  There  it  is  burned  away 
ler  with  the  carbon  already  there,  the  rate  of  consumption 
3  positive  being,  roughly  speaking,  twice  as  great  as  that  of 
sgative. 

itribution  of  the  Light. — The  intensity  of  the  arc  varies 
ly  when  looked  at  from  different  (WxecXXcyas..    ^^'ass^'^^ssK^sssNa. 
show  that  if  plotted,  letting  diatauc^^  ^xom  >iXv^  ^^^  x^ss^'esr 
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sent  caudle-pover  at  that  angle,  the  curve  showing  i 
brilliaDcj'  will  be  for  direct  current  lamps  approxiniatdj 
shown,  the  upper  carbon  being  as  usual  the  positive  carbtn. 
Rating  of  Lamps. — Lampe  are  nt 
in  candle-power  according  to  their  bi 
liancj'  in  the  angle  of  greatest  bi 
liancy.  Thus  the  ordinary  street  111 
rated  at  2000  candle-power  gives  H 
brilliancj  only  at  an  angle  from  I 
horizontal  of  about  45  degrees.  . 
any  other  angle  its  brilliancy  is  lesi,!) 
the  average  will  not  be  much  over  9 
candle-power.  Such  a  lamprequlni 
"  "~  current  of  9.6  amperes  and  about  4li< 

50  volts,  and  a  lamp  using  such  current  a^d  pressure  that  ih 
product  is  450  watts  may  be  considered  commercially  a  201 
caniiie-power  lamp. 

Classification. — Lamps  may  be  classified  in  several  diSera 
1.  According  to  the  kind  of  distribution-system  for  irbid 
hey  are  intended,  as  constant  potential  arc  lamps  and  series  O 
s ;  as  the  latter  are  in  general  used  now  only  by  central  * 
,  their  description  will  be  omitted.  2.  According  as  thejB 
^0  be  supplied  by  direct  or  alternating  current,  into  direct  cunM 
arcs  and  alternating  arcs;  only  the  former  will  be  coDsidet' 
3.  According  to  the  degree  of  enclosure  of  the  arc,  into  open  tsi 
and  closed  arcs. 

Requirements  of  All  Arc  Lamps. — All  lamps  to  be  cominB 
cially  satisfactory  must  do  two  things  i  They  must  strike  the  aw 
Ibat  is,  after  current  has  commenced  to  flow  they  must  automiW 
ally  driiw  the  carbons  apart  so  as  to  strike  the  arc  They  inia 
also  regulate — that  is,  as  the  carbons  bum  away  they  murt  ■ 
automatically  fed  together,  and  the  feeding  of  one  must  not  f 
preciiibly  ftff'wt  the  brilliancy  of  others. 

Constant  PotenWaV  \tos.— 'C^va  mechanism  of  such  lamps is^ 
' «  eimpl^t  iiescv'\ipt\ou  w\\\«aa  wct«^  ««.  veWskAsA.'wi  «"  ' 
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ies.  The  current  coming  from  the  line  to  the  positive  lamp- 
minal  passes  through  a  coarse  wire  coil  and  then  through  a 
lin  or  brush  contact  to  the  upper  carbon,  through  the  upper 
i  lower  carbons,  and  back  through  a  wire  resistance,  which  can 
varied,  to  the  other  terminal  of  the  lamp,  and  thence  to  line. 
e  passage  of  current  through  the  coil  lifts  an  iron  armature 
core,  as  the  case  may  be,  to  a  certain  distance  depending  on 
J  strength  of  the  current.  This  armature  lifts  a  clutch-device 
ich  raises  the  upper  carbon.  The  arc  is  thus  struck  and  the 
op  continues  to  burn,  the  two  carbons  being  gradually  con- 
ned and  the  arc  becoming  longer.  As  the  arc  lengthens  its  re- 
^ance  becomes  greater  and  the  current  less.  This  allows  the 
nature  to  drop  down  a  little,  and  the  clutch  tripping  against  a 
p  lets  the  upper  carbon  slide  through  a  little,  thus  shortening 
t  arc.  The  moment  the  arc  has  been  shortened  sufficiently  to 
srease  the  current  enough  to  lift  the  clutch  off  the  tripping-stop 
5  feeding  of  the  carbon  ceases  and  the  lamp  continues  to  bum 
.  the  arc  again  becomes  too  long.     When  several  lamps  are  to 

operated  in  series  they  will  not  all  feed  at  the  same  time,  so 
it  the  action  of  one  would  interfere  with  the  others  unless  some 
lerent  arrangements  were  introduced.  In  such  cases  an  addi- 
nal  magnet  with  fine  wire  coil  is  connected  as  a  shunt  around  the 
2,  and  its  armature  arranged  so  that  when  lifted  to  a  certain 
int  it  makes  the  clutch  feed.  As  the  arc  lengthens  its  resist- 
C5e  increases,  and  also  the  pressure  between  its  terminals.  Hence 
>re  current  is  sent  around  the  fine  wire  coils,  raising  their  arma- 
fe  and  starting  the  feeding  mechanism. 
Open  Arcs. — When  the  carbons  burn  in  open  air  or  in  a  globe 

considerable  size  (usually  12  inches  in  diameter)  to  which  air 
8  free  access,  they  are  said  to  be  open  arcs.  Under  such  cir- 
mstances  the  consumption  of  carbon  is  quite  rapid,  an  upper 
rbon,  12  inches  long  by  }  inch  diameter,  lasting  about  seven 
urs,  while  the  lower  or  negative  carbon  lasts  about  twice  as 
ig.  To  secure  a  longer  life,  the  dev\ee  N^^^a  \x\e^  <??l  ^x^^'^pksss^ 
■  arc  in  Hu  HU'-tight  glqbe  or  in  a  cVo^^  SW^^m^  ^  ^^^Ss^ 
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uitrogen  or  carbonic  acid,  in  which  the  carbon  would  not  I 
Such  lamps  are  called  closed  arcs. 

The  closed  aro,  working  in  a  vacuum,  was  not  a  success 
it  hafi  been  found  necessary  to  give  a  slight  access  of  air 
to  burn  the  particles  of  carbon  that  are  detached.  The 
of  combustion  i^,  however,  so  slow  that  the  lampa  require 
ming  only  once  in  100  or  in  150  hours,  as  against  once 
hours  for  the  open  arcs.  The  length  of  the  arc  which  will 
quietly  is  much  greater  in  the  closed  arc,  so  that  the  volts 
higher,  rising  to  80  or  90  volts,  with  a  corresponding  redi 
of  current  to  about  5  amperes  for  the  nominal  2000  candle-] 
lamp.  This  is  quite  an  advantage,  as  it  is  not  necessary  t 
twQ  lamps  in  series  across  110-volt  mains  to  avoid  an  exo 
waste  of  energy  in  a  resistance  coil.    Owing  to  the  nee  o 

globes,  one  of  which  is  m 
opalescent,  there  is  a  more 
distribution  of  light  than  fur 
arcs,  as  will  be  seen  by  conij) 
the  accoiupanying  figure  wit 
one  preceding. 

Incandescent  lamps  consist 

carbon  filanient  attached  to 

num  wires,  which  is  niounteil 

glass  globe  from  which  the  ai 

been  exliausted  and  which  iss 

up  so  as  to  exclude  air.     The  platinuni  wires  serve  to  coniie< 

filament  to  the  terminals  of  the  lamp  base.     The  vacuum  is 

as  perfect  as  j)ossible,  so  tliat  there  may  remain  no  air  insid 

^lohe  in  whicli  the  liijrhly  heated  filament  would  burn  away. 

The  filament  is  made  by  taking  a  slender  piece  of  some  : 

rial  (jonsistinp:  largely  of  carbon,  such  as  bamboo,  silk,  pap 

cellulose,  and  heatinsr  it  intensely  in  a  furnace  so  as  to  driv 

all  the  other  material,  leaving  a  very  nearly  pure  carbon  tl 

In  order  to  smooth  out  t\\e  To\\\r\\\w^"?>  ^wvKvwakfe  \ts»  section  un 

"'^  all  pointa,  a  current  \a  pas&eO^\\\x^\v^^'^'^^».x^^^^^^'^'^^^' 
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nearly  a  white  heat  Id  an  atmoephereof  some  Iivdrocarbou.  like 
il  giis.  This  causes  carbon  tu  be  deposited  mo^  largely  at  the 
Heat  points,  which  are  those  of  the  smallest  eross-set'tioM.-  The 
iment  is  theu  attached  to  the  platiuum  leudiiig-in  wires  and 
Uted  ID  the  globe.  A  mechaaical  air-pump  exhausts  the  air 
m  the  globe,  and  finally,  by  passing  a  strong  current  through 
■  filament,  the  latter,  heated  to  incandescence,  burns  away  the 
anant  of  oxygen  reiuaiiiing.     The  bulb  is  then  sealed  up  and 
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^filatimim  wires  connected  to  the  lamp-base  terminals.  These 
'■  of  difierent  styles,  the  three  most  cuuimun  being  shown  in 
(accompanying  cuts.  Finally,  the  lumps  are  tested  to  see  at 
M  voltage  they  will  give  the  caudle-powei'  for  which  they  are 
%ded. 

I>e  candle-powers  ordinarily  made  arc  8,  lO,  12,  16,  20,  24, 
50,  100.  and  150,  though  it  is  unusual  to  iiud  the  last  two 
B,  arc  lamps  being  substituted  for  thcTti.  As  the  lamp  con- 
ies in  uee  i|8  candle-power  gradually  dimiuishes,  owing  to  the 
oeition  of  carbon  from  the  filament  ou  to  the  walls  of  the 
le,  the  layer  of  carbon  absorbing  the  light  rays,  so  that  after 
*  hundred  hours'  burning  the  lamp  must  be  replaced  by 
■  one.  The  curve  on  the  next  page,  obtained  from  teats 
iiaercial  lamps,  shows  this  action  plainly. 
lie  voltages  for  which  lamps  are  usually  made  are  as  followe 
n  50,  61,  52,  and  so  on  up  to  60;  70,  T\,Ti,  a^i-a-(j ''J^"" 
■jf0f  Md  up  to  125;  and  from  220  to  ^Mft.    V).  iJofe  "^^ 
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above  125  only  lampe  of  16  candle-power  and  over  sre  id 
«ith  the  amsller  candle-powerB  the  filament  would  be  too 
be  mechanically  of  sufficient  etrength.  The  nee  of  220-vn)t 
as  previously  pointed  out,  makes  the  wiring  syatem  much  cl 
and  they  are  being  exteneively  employed,  although  it  is  n 
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sible  at  present  to  make  a  220-volt  lamp  of  16  candle-poi 
pood  as  a  llO-volt  lamp  of  that  candle-power. 

L,ife  and  EfDcienoy  of  Lamps.— A  16  candle-power  Un 
110  voll:^  rtHiuiri-s  a  current  of  from  .38  to  .6  ampere  to  li 
hoi  onuii^li  tii  jivo  10  candle-power,  according  to  the  natur 
i-ni^-'-jiocti'.iii  of  its  tikment.  The  one  with  the  finer  fiiamei 
iiniriiii;  but  .3^  anniC-re.  would,  however,  not  last  nearly  af 
as  ilio  ono  rtHiuirtUj:  .0  umpire.  .-38  ampere  at  110  volts  ii 
to  41. V*  watts.  I>ividiii;:  by  16,  we  have  2.6  watts  power  re<j 
I'or  I'aTuUc-powor  prixiuwd.  This  figure  is  called  the  *ffic 
■of  tlw  laiup.  The  smaller  the  power  required  to  prcliw 
caiuilo-j'.nvor  the  itK>ro  tlficien:  the  lamp.  Unfortunately. n 
etticieiicy  t^  ai'iMiiii>anivd  by  a  corresponding  sbortnees  of  lil 
will  be  st-oti  by  the  f.'ll.'wiit^  table  of  api»oxim&te  value* » 

T  be  expected  wUb  go^\o.o\^\ 
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Efficiency. 
Watts  per  can- 
dle. 

Life-hours. 

Watts  per  16 
c.  p.  lamp. 

Amperes  for  16 

c.  p.  110- volt 

lamp. 

2.6 
3.1 
3.6 
4.0 

400 
600 
800 
1000 

41.8 
49.6 
57.6 
64.0 

•  .38 
.45 
.52 
.60 

The  choice  of  efficiency  which  it  is  advisable  to  use  in  a  given 
depends  upon  the  cost  of  power.  If  coal  is  cheap,  it  pays  to 
a  low  efficiency  and  long  life.  If  coal  is  dear,  the  high  ef- 
iciency  lamp  should  be  used,  provided  the  speed  regulation  of  the 
Dgine  is  good  enough  to  prevent  fluctuations  in  the  voltage  of  the 
^rnamo,  it  being  understood  that  any  rise  in  voltage  above  that 
:»  which  the  lamp  is  intended  shortens  its  life  very  seriously. 
W  course,  where  all  the  exhaust  steam  of  the  generator  engine 
aft  used  in  steam  heating  it  is  desirable  to  use  the  low  efficiency 
.md  long  life  lamps.  ■ 

Distribution  of  Light. — In  calculating*  on  the  distribution  of 
i.ghts,  we  must  take  into  consideration  the  character  of  the  space 
O  be  lighted,  its  dimensions,  the  color  of  the  walls,  and  the  bril- 
Sancy  required.  As  a  measure  of  the  brilliancy  it  is  often  con- 
•^ient  to  make  use  of  a  unit  of  intensity  of  illumination,  called 
me  candle-foot  (written  c.  ft.),  which  is  the  intensity  of  illumina- 
3on  produced  by  one  standard  candle  at  a  distance  of  one  foot. 
!%s  is  well  known,  the  intensity  of  illumination  from  a  given 
Ncnirce  varies  inversely  with  the  square  of  the  distance ;  that  is  to 
S»y,  one  candle  at  4  ft.  would  give  an  intensity  of  illumination 
>rf  -j^g-  c.  ft. ;.  and  at  a  distance  of  2  ft.  would  give  }  c.  ft.  A  16 
asandle-power  lamp  at  1  foot  would  give  16  c.  ft.,  at  2  ft.  would 
feive  4  c.  ft.,  and  at  4  ft.  would  give  1  c.  ft. 

'    The  number  of  candle  feet  at  any  point  is  found  as  follows :  If 
fce  to  one  lamp,  divide  the  candle-power  of  the  lamp  by  the 
•<5pare  of  the  distance  in  feet  from  the  lamp  to  the  \>oint  in.  o^-esr 
'i>n.    If  there  are  several  jjimps  at  equaV  d\^\.a\ie^'&,  ^YvAfc  ^«»s. 
otal  candle-power  by  the  square  of  tlie  AisUue^.    ^  ^«^ 
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unequal  distanoesy  compute  the  candle  &et  due  to  eadi  nd 
them  together.. 

EfTeot  of  Height  of  Lamp.— Suppose  that  i^  hai^  at  thehi 
of  7  feet  above  the  floor  four  16  Gaudlerjiower  lampa ;  the  OIi 

nation  immediately  beneath- the  lampea.-  the  floor  would  be  -^ 

=  If  ==  1.2.  With  lampe  8  ftet  high  the  illumination  wonldl 
«^  1  e.  ft.;  at  9  l(B0t  it  ivmild  be  ff^^.TS  t.tL;  at  10  AM  it  n 
be.^  e.  ft,  or  prttctixsally  one^ialf  what  It  wodM  be  at  7 
In  thfai  calculation  we  %ave  ^videntfy  ii^|feeted  the  effect  o 
flection,  but  the  iBgureft  give  a  &ir  idea  ot  die  eftiet  of  ph 
the  lighln  at  difibr^t  heights.  Generally-  tiie  lainpe  are  ^ 
sf  a  height  of  7  ftet  0r  7iSeet  6  ladfaee  abo^  the  foor. 

EffMt  of  OokH*  and  SifHIrtie  of  WVMIe.— The  fiiUowing  t 
giveB  the  percentage  of  the  total  light  cart  upon  dififereot 
faeee  which  is  reflected  hy  ihoee  surfistoes.  The  lighter  e 
reflect  a  large  amount  of  light  and  the  dark  ones  almoin  i 

White  blotting-paper 82  j  Plane  deal  (dirty) 

White  cartridge-paper , 80   Yellow  cardboard 

Yellow  wall-paper. 40 

Bliie  pjiper 25 

Dark  brown  paper 1^ 

Deep  chocolate  paper......... 4 

Plane  deal  (clean) 40-50 


Parchment  (1  thickaeM) 

"         (2-      "        ) 

Yellow  painted  widl  (dean). 

"         (dirty). 

Black  cloth 


Effeet  of  Arrangement. — We  will  first  consider  this  i 
ter,  neglecting  the  effect  of  walls  and  ceiling.  We  will 
pose  that  it  is  desired  to  secure  a  certain  minimum  illumiiMt 
that  is  to  say,  a  certain  number  of  c.  ft.  at  that  point  of 
room  which  is  least  illuminated..  Suppose,  for  example,  tha 
take  (see  figure  on  page  743)  a  room  30  fieet  square,  and 
the  lights  are  placed  at  four  points  in  the  room,  eadi  (A 
points  being  5  feet  perpendicularly  distant  from  two  walk; 
four  points  would  then,  if  pined  together,  form  a  square  w 
side  18  20  feet  and  wlvose  Aia^xvtX  \v»  ^iJwsviX.  "^  ^^srSv.,  '^Jafc 
illuminated  point  would  \>ft  «l\.  VXi%  •m\fct«wi>a^^^  ^        ^ 
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=  295  c.  ft., 


LDg  a  point  on  thif)  intersection  at  the  same  height  from  the 
*  as  the  lamps  are  hung,  if  we 
ed  two  16  candle-power   lamps  at 
.  corner  the   illumination    at  the 
re  would  be 

2  X  4  X 16      32      ^-      ^ 

"M^OT  =  49  = -^^ '•  *• 
illumination  at  the  comers  equals 

32    _32     ^ 
7X7  "49 ''•"•' 
idering  only  the  two  nearest  lamps. 

ight  lamps  at  centre.     If,  as  in  the  figure,  we  mass  the  eight 
)s  at  the  centre,  the  minimum  illumination,  which  now  will  be 

at  the  corners  of  the  room,  will  be 
8  X  16  ^  128 
21  X  2i  ''  441 
which  is  very  much  less  minimum 
illumination  than  we  obtained  before, 
and  which  shows  very  clearly  that 
for  the  given  expenditure  of  energy 
we  will  get  a  much  greater  minimum 
illumination  as  well  as  a  more  uni- 
form illumination  by  distributing 
s,  instead  of  massing  them  at  one  point. 
nount  of  Light  Required. — This  depends  on  the  purpose  for 
h  the  room  is  used  and  the  color  of  the  walls.  We  should 
lect  that  to  get  the  greatest  amount  of  illumination  from  the 
expenditure  of  energy  requires  that  we  should  subdivide  our 
s ;'  on  the  other  hand,  this  increases  the  cost  of  installation, 
we  must  take  both  of  these  matters  into  account.  In  arrang- 
he  distribution  of  lights,  we  may,  for  private  houses,  whose 
igs  do  not  vary  much  from  10  feet  in  height,  make  use  of  a 
ibution  based  on  the  number  of  square  feet  to  be  allowed  to 
'  6  candle-power  light  The  following  ia\Aej&  V^  ^n^  ^\!l\^^^^ 
lighting  which  may  be  obtained  from  vat\o\x^  ^\&VSo«Sa 
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Priyatb  Hodbbb  ok  Bhaiii  BisB. 

m 

Ifo.l0e.F» 

Mlii.ilVnIf 
dark  wans. 

06 

CluuBben. 

150 
200 
•150 

200 
200 

1 
2 
1 
1 
S 
8 

;S8    « 
.50    ** 

1 

« 

•••••••■•• 

FW 

Corridors. 

Diniiig-rooiiL.i... 
Parlor. 

G 
G 

or  1 16  candle-power  light  ereiy  66  aqimniltot  witli  white  walk. 

Fob  Laboeb  Dwblltbtgs. 


GhambeiB.. 

u 


••.«..•».• 


Kitchen.. 

Ptotiy 

Dining  room..... 

Library 

Parlor. 


fiqnaxe  feet. 


150 
200 


250 
260 
250 


No.  jg  c.  p. 
ligbtB.    . 


2 

3 

S 

1 

5 

4-5 

4-5 


or  1 16  candle-power  li^t  every  50  square  feet;  and  if  walls 
white  make  allowance  by  increasing  the  number  of  lights  as  per  tab 
ing  relative  amounts  of  ligiit  reflected  by  different  substances. 

Id  these  tables  the  height  of  lamps  is  taken  at  7  feet  6 
to  8  feet.  For  a  greater  height  proper  allowance  must  be 
as  shown  previously. 

Hotels  and  Apartment-houses. — 

The  sleeping-rooms  and  parlors  similar  to  private  houses. 
Corridors,  Ist  floor,  bright,  1-3  lights  chandelier  every  25  feet,  main  < 
"  good,   1-2  "  **  subcoi 

other  floors,"       1-2  "  **  maim 

«        fair,    1  "  "  sabcor 

Elevators,  small,  1  light ;  large,  2  lights. 
Caf^,  12  feet  ceiling,  brilliant,  1  16  candle-power  light  to  every  2^ 

feet,  subdivided  according  to  tables.  * 
Dining-room,  15  feet  high,  1  16  candle-power  light  to  every  25  sqa 

subdivided. 
Office,  reading-room,  and  bar  similarly  lighted, 
roi'iet-rooms,  one  to  every  two  e\ciee\&,  ^^l  otv  partitions. 
Bath-rooms  1  16  candle-power  \\g)a\.  \o  ^^  wj^tkx^  \««u 
jBarher-flhop,  like  office,  location  itoU  «.w^\»V\xA<3mo2«. 


If 


u 


ft 
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Theatres  and  Large  Halls. — ^Tbe  height  is  so  great  that  we 
'e  to  take  it  into  account,  and  it  is  better  to  work  from  cu.  ft., 
ays  understanding  that  lights  are  well  distributed.  .03  c.  p. 
cu.  ft.  gives  good  illumination ;  .04  c.  p.  per  cu.  ft.  gives  bright 
mination.  We  should  aim  not  to  have  light  staring  in  the 
3,  and  therefore  no  chandeliers  in  centre ;  while  lamps  on  gal- 
es should  have  opal  globes  whose  absorption  is  about  50 
cent. 
stores. — 

mdesceDt  light,  1  16  candle-power  to  25-50  square  feet, 
light,  1  2000  candle-power  every  15  feet  or  225  square  feet. 
"        1  2000  candle-power  every  ^0  feet  if  the  store  is  narrow. 

Markets. — 

ips  15  feet  high, 
light,  1  2000  candle-power  to  every  40  feet  or  1600  square  feet 


CHAPTER  XXXIV. 

ELECTRIC  MOTORS. 

Practically  any  direct-current  dynamo,  if  current  be  supplied 
it,  will  operate  as  a  motor,  and  a  well-designed  dynamo  will 
ke  a  good  motor.  Certain  alterations  in  winding  and  in 
er  details  are  made  in  motors  to  iraj)rove  certain  qualities 
t  may  be  specially  desired.  The  motor  will  not  necessarily 
in  the  same  direction  as  it  did  as  a  dynamo  when  current 
ses  through  it  in  the  same  direction.  For  example,  a  series 
lamo  when  operated  as  a  motor  will  run  in  the  opposite  direc- 
I  from  that  which  it  had  as  a  dynamo,  and  to  make  it  turn  in 
sanfe  direction  it  is  necessary  to  reverse  the  direction  of  cur- 
t  through  the  fields  or  armatures.  A  shunt  machine  used  as  a 
X3r  will  turn  in  the  same  direction  that  it  had  as  a  dynamo. 
;^ersing  the  direction  of  current  supplied  to  either,  as  by  inter- 
nging  the  connecting  wires  from  positive  to  negative  sides  of 
line,  will  not  change  the  direction  of  xolaXivow  o^  ^\\}wst  's&xvi'^ 
bunt  motor.     To  reverse  them  it  is  necesa^irj  \.^  xfeNe^'^  "^^ 
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direction  of  current  running  through  the  field  or  the  armaU 
The  compound  dynamo,  if  the  effect  of  the  series  coib  is  m 
relatively  to  those  of  the  shunt  coils,  will  behave  like  a  sin 
motor.  If  the  series  coils  preponderate  in  strength,  it  will  act  I 
a  series  motor. 

Uses  of  DifTerent  Types. — The  deries  motor  is  used  wben 
is  necessary  to  start  with  full  load  and  where  automatic  regi 
tion  for  constant  speed  is  not  necessary,  a  hand  regulation  be 
used,  as,  for  example,  in  hoists,  cranes,  street  railways,  etc. 

A  shunt  motor  is  used  where  automatic  regulation  for  consl 
speed  is  desired.  A  good  shunt  motor  will  not  change  its  sf 
more  than  5  per  cent,  when  the  l<5ad  is  varied  from  zero  to  a  m 
mum.  While  there  is  only  one  speed  at  which  this  autom 
regulation  is  closest,  yet  by  putting  resistances  in  aeries  with 
armature  a  shunt  motor  can  be  made  to  run  at  slower  speed 
still  give  fair  regulation. 

Compound  motors  iare  used  where  closer  speed  regulation  t 
that  given  by  shunt  motors  is  desired,  and  in  special  cases,  s 
as  on  planers  where  it  is  desired  to  check  the  sudden  large  flo^ 
current  during  reversal. 

Regulation  of  Speed.  — With  a  series  motor,  whose  use  is  pr 
cally  confined  to  constant  potential  circuits,  there  are  two  com 
methods  of  changing  the  speed  : 

1.  To  change  the  pressure  supplied  to  it,  by  putting  in  s 
with  the  motor  a  rheostat  in  which  more  or  less  pressure  is 
up  according  to  the  position  of  the  rheostat-handle.  Low( 
the  pressure  will,  of  course,  lower  the  speed. 

2.  To  change  the  strength  of  the  field  of  the  motor.  Tl 
done  by  winding  the  field  coils  in  sections  and  bringing  ou 
ends  to  a  sort  oftcommutating  device  called  a  controller.  Ii 
position  of  the  controller  handle  the  sections  will  all  be  in  s 
cutting  down  the  current  and  making  the  ampere  turns  c 
field,  and  hence  its  ^trew^U\,  l^^w,     lu  the  next  position,  ft 

finiple,  th  ree  sections  v?\\\  \ie  \vv  ^^yv^-s.  ^\i^  \kv\^^  v>{Ovns?«,  \q. 
and  the  two  sets  of  l\ivee  m  m\v\Cv^\^,  ^>kvq^  ^*^  ^^xs$a 
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ance,  let  more  current  through,  and  increase  the  ampere 
.  Another  position  will  put  more  in  multiple  and  less  in 
,  and  so  on  till  the  final  step  puts  all  the  sections  in  multiple, 
g  the  lowest  possible  resistance,  highest  number  of  amperes, 
est  number  of  ampere  turns,  and  strongest  field.     With  the 

motor  on  constant  ix)tential  circuits  the  speed  is  increased 
oportion  as  we  increase  the  field  strength.  A  combination 
e  two  methods  is  frequently  used,  the  resistance  being  used 
g  the  first  positions  in  order  to  cut  down  the  excessive  flow 
rrent  on  starting. 

ith  shunt  motors  it  is  necessary  on  starting  to  put  a  consid- 
e  resistance  in  series  with  the  armature,  on  account  of  its 
low  resistance,  which  will  vary  from  j^  to  y^W  ^^  ^"  ^^^ 
8,  according  to  its  size.  Such  a  low  resistance  thrown  across 
'olts  would  cause  an  enormous  current,  which  would  injure 
3mmutator  and  brushes  by  sparking  and  the  armature  coils 
Atihg.  As  the  machine  speeds  up  the  resistance  may  be  cut 
,  because  the  armature,  which  is  turning  in  a  magnetic  field, 
ices  an  electro-motive  force  opposite  to  that  of  the  circuit, 
1  tends  to  cut  the  current  down.  This  electro-motive  force 
led  the  back  electro-motive  force  of  the  motor,  and  is  always 
ban  the  electro-motive  force  of  the  circuit  by  the  amount 
red  to  drive  current  through  the  armature.  It  is,  of  course, 
>rtional  to  the  speed  of  the  motor,  and  its  relation  to  the 
■o-motive  force  of  the  circuit  is  as  follows :  Ijet  E  be  the 
jre  of  the  circuit  at  the  motor  terminals,  R  the  resistance  of 
rmature,  (7  the  current  flowing;  then  the  back  electro-motive 

e  =  E  —  C  R,  Starting  resistances,  or  starting  boxes  as 
are  called,  are  usually  not  designed  to  be  left  in  circuit 

than  the  few  seconds  needed  to  get  the  motor  up  to  speed ; 
f  made  of  wire  large  enough  to  carry  the  currents  without 
eating,  they  can  l)e  used  for  regulating  the  speed  of  *the 
•.    Such  specially  designed  boxes  are  called  speed-re^'uAolm^^ 
iply  re^nhfihf/,  rheostats, 
tber  method  of  varying  the  speed  of  a  ^\ivxiv\.  Tcio\»tS&V^  ^ 
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■ 

a  rheostat  in  the  field  dscuit  and  vary  die  current  flowing  a 
the  field.    Weakening  the  field  will  speed  np  the  wndbinfi 
strengthening  it  will  have  the  oppoeite  eflbct '  Note  that 
just  opposite  to  what  happens  with  tiie  seines  motor  on  co 
potfBntiiU  circuits. 

Compound  motors  are  generally  regulated  like  shunt  motoi 
in  some  special  cases  the.  series  coils  are  wound  in  secUoi 
thrown  in  series,  and  finally  in  multiple,  as  is  the  case  witb 
motors, 

.  Protective  devices  are  specially  necessary  with  shunt  an< 
pound  motors  on  account  of  their  very  low  armature  resbl 
as  explained  above ;  and  all  motors  need  to  be  protected  fix 
danger  of  being  overloaded.  An  overload,  by  slowing  doi 
motor,  diminishes  the  back  electro-motive  force  and  the 
allows  an  excesAive  current  to  flow,,  which,  if  long  cont 
would  burn  out  the  armature.  The  protection  formerly  us< 
a  pair  of  fuses,  one  in  each  of  the  circuit  wires,  which  were  c 
a  size  that  they  were  expected  to  blow  at  any  current  exo 
that  corresponding  to  the  maximum  load  for  which  the 
was  designed.  Owing  to  the  uncertain  action  of  fuses,  a  c 
breaker  is  now  almost  universally  used,  mounted  on  the  sti 
box^  Another  thing  which  must  be  guarded  against  is  this : 
pose  that  the  circuit  to  which  the  motor  is  connected  is 
loaded,  perhaps  by  some  accident,  and  the  circuit-breal 
that  circuit  on  the  switch-board  should  open.  This  would  c 
current  from  the  motor  and  it  would  stop.  Now  if  nothinj 
done  except  at  the  switch-board  to  throw  in  the  circuit-bi 
again,  we  should  throw  the  full  voltage  on  the  motor  arn 
none  of  the  rheostat  being  in  series  with  it,  as  it  had  bee 
viously  cut  out  of  the  circuit  when  the  motor  was  first  hi 
up  to  speed.  The  result,  of  course,  would  be  a  tremendov 
of  current  and  injury  to  commutator,  brushes,  and  perha 
armature,  depending  upon  hovf  c\uickly  some  one  openc 
switch  which  connected  t\ie  molor  \»  \)svfe  dx^xsW  /^.^^nTyj 
'^^   the  rheostat  arm  \vaa  aXX^^eVv^^  V^ '^^  ^  wjiwa 
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lends  to  pall  it  back  to  the  position  in  which  all  of  its  coils  are 
in  series  with  the  armature.  At  the  other  limit  of  its  motion, 
where  it  would  stand  when  ail'  the  coils  had  been  cut  out  of  the 
eircuit,  is  a  magnet  wound  with  fine  wire  and  supplied  from  the 
circuit  wires.  When  the  rheostat  arm  igets  to  this  position  the 
magnet  holds  it  there  by  its  attraction  for  a  piece  of  iron  mounted 
on  the  arm,  as  long  as  the  current  flows  through  the  coil ;  but  if 
the  circuit-breaker  goes  off  or  the  voltage  disappears  for  any 
reason,  the  magnet  lets  go  and  the  spring  pulls  the  rheostat  arm 
back  to  the  position  of  safety. 

Size  and  Speed  of  Motors.— Motors  may  be  obtained  of  any 
desired  size,  voltage,  and  speed.  The  commercial  sizes  are  from 
^,  i,  i,  i  1,  2,  3,  4,  5,  7i,  10, 15,  20,  25,  50,  75,  100  horse- 
power  and  upward.  The  standard  voltages  are  110,  220,  and 
SOO,  these  operating  on  voltages  from  110  to  125,  220  io  250,  and 
500  to  550.  As  to  speed,  there  is  no  such  thing  as  standard 
speed  for  different  sizes,  the  speeds  of  the  different  manufacturers 
▼arying  widely.  It  should  be  understood  that  with  motors,  as 
with  dynamos,  the  speed  at  which  a  certain  size  shall  run  deter- 
mines the  cost.  For  example,  a  machine  of  such  size  and  wind- 
ing that  it  will  give  100  horse-power  at  a  speed  of  500  revolutions 
per  minute,  will  give  only  50  horse-power  if  the  winding  be 
altered  so  that  it  will  run  at  half  that  speed. 

A  motor  generator,  as  its  name  indicates,  is  a  combined  motor 
Hid  generator.  The  most  easily  understood  form  would  be  a 
notor  which  might  be  designed  for  any  voltage,  speed,  and  power, 
ioupled  directly  to  the  shaft  of  a  dynamo  designed  for  the  same 
peed,  but  for  any  voltage  and  the  same  output  as  the  motor. 
5uch  a  machine  has  two  distinct  commutators,  brushes,  arma- 
ures,  and  fields.  By  using  a  common  armature  core  and  field, 
nd  putting  the  two  sets  of  armature  windings  on  the  same  core, 
isulated,  of  course,  carefully  from  each  other,  the  compactness 
f  the  machine  is  very  much  improved,  and  this  is  the  arrange- 
lent  of  the  modern  (iirect-current  motor  ^<e\i«t«A»Qt>  \x&^^«xi5Sc 
I J  U8^  are  as  follows ; 
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1.  To  change  from  a  high  pressure  and  small  current  to  a 
lower  pressure  and  correspondingly  greater  current. 

2.  With  its  generator  armature  in  series  with  some  circuit  W 
raise  the  pressure  of  that  particular  circuit  higher  than  that  of 
the  other  circuits  supplied  from  the  principal  generator.  In  8Qdbi 
uses  it  is  called  a  booster. 

3.  In  connection  with  storage  batteries,  it  being  used  in  serici 
with  the  charging  mains  to  increase  the  pressure  in  proportion  m 
the  batteries  become  more  fully  charged. 

It  is  also  used  to  a.  considerable  extent  in  telephone  exchi 
for    operating  the   calling   circuits,  the    generator    end   beiif  j 
arranged  to  give  an  alternating  current. 


CHAPTER  XXXV. 
THE  STORAGE  BATTERY. 

The  principles  of  the  storage  battery  have  already  been  takei 
up  in  an  earlier  chapter,  and  it  only  remains  to  describe  the  bat- 
tery as  made  and  used  in  practice.  Owing  to  the  purchase  by 
one  company  of  all  the  important  storage  battery  patents  in  tbi 
country  the  situation  of  the  industry  is  much  simplified,  tbeie 
being  practically  only  one  battery  upon  the  market,  whicb  m 
known  as  the  chloride  battery.  It  derives  its  name  from  tb« 
method  of  making  the  plates,  pencils  of  lead  chloride  being  i* 
serted  in  the  leaden  frames,  to  be  afterward  treated  ^chemically* 
as  to  produce  the  active  material  of  the  plates.  This  treatmo* 
c(»nsists  iirst  in  suspending  the  plate  together  with  a  zinc  plate  ii 
a  bath  of  zinc  chloride,  with  the  resulting  formation  of  zinc  chkf' 
ide  and  pure  lead,  instead  of  the  lead  chloride.  The  zincchloridi 
diss()lvi's  away,  leaving  the  pencils  in  the  form  of  finely  dividJ 
or  spongy  lead.  The  object  of  securing  this  spongy  form  of  kJ 
is  to  i)resent  as  much  surface  as  possible  to  the  action  of  the  liqni' 
(sulphuric  acid)  to  V^o  v\^eA  \xv  X.W  Wttery.     These  plates  ni^ 

"  be  used  as  ueguVwe  ^Val^^,  ^\\\\viw^^\w^0aft\\twtoMes4.««(S^ 
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r  BctiDQ.  To  Ibrra  positive  plates  two  are  taken  a 
ladad  in  dilute  sulphuric  acid  and  a  curreot  teni  throud 
One  of  them  beuomee  ooatvil  «ith  a  reddieh-bniwu  »i])g 
e,  which  ie  peroxide  of  lead.  Hydrogen  bubbles  collecti^ 
le  surface  of  the  other  attack  any  oside  that  may  reniain  on 
Iber  plate  and  leave  a  clean  surface  of  lead.  After  the  plates 
beeu  charged  the  chai^ng  current  in  ebut  otT  and  they  are 
urged  by  connecting  them  together.  They  are  then  charged 
I,  the  oxidation  of  the  first  plate  going  to  «  greater  depth 


b^re.     Ab  this  peroxide  is  the  native  material  of  the  cell, 


NsBatlve  Plate. 

amount  of  it  produepd  determines  the  capacity  of  the  t 
;fore  the  plates  are  alttirnately  charged  and  discharged,  ho 
the  layer  of  lead  which  becomes  oxidized  during  the  charge 
be  as  deep  as  possible.  There  is  a  limit  to  this  depth,  be- 
I  which  the  chemical  actions  will  not  penetrate,  and  when  this 
ached  the  forming  process  is  stopped.  The  peroxide  plate, 
■h  is  reddish  in  color,  is  the  plate  from  which  current  flows 
ng  discharge,  and  is  called  the  positive  pliite.  The  gray- 
■ed  p\ate  is  the  one  (oivard  which  cutrenl  fto-vift  &arvivsL  **■ 
y  called  the  negalWe  9\aX».    "Va.  tsm^^ 


752  THE    ekginbeb's   handt-book. 

up  a  Btorage  cell  from  the  previously  formed  plates  veSi 
a  negative  plate,  then  a  positive,  then  another  negative,  um 
there  being  always  one  more  negative  than  positive  plate 
the  negatives  are  connected  together  by  a  lead  strip,  and  s 
all  the  positives ;  but  each  n^ative  is  separated  from  n^l 
positives  by  a  space  of  perhaps  an  eighth  of  an  inch,  fill 
dilute  Bulphuric  acid,  the  general  arrangement  being  si 
the  cut. 

Charge  and  Discharge. — After  the  completely  formed 
and  negative  plates  are  put  in  the  coDt«ning  jar  or  ta: 
dilute  sulphuric  acid  and  are  electrically  connected  togetl 
wire,  current  commences  to  flow  and  corresponding  e 
changes  occur.  These  changes  are  somewhat  complex : 
a  general  way  it  may  be  said  that  the  peroxide  of  lead 
positive  plate  is  changed  to  lead  sulphate  and  the  pure 
lead  of  the  n^^ative  plate  is  also,  changed  to  lead  sulphat 
electro-motive  force  of  the  cell  will  during  this  process  fi 
about  2.2  volt£  wheu  fully  charged  to  1.8  volts,  at  whii 
the  discharge  should  be  stopped,  in  order  to  preveut  thi 
being  injured. 

If  current  from  some  generator  be  sent  through  the  ccl 


CbarEfe  and  Diacharge  Ci 


on,  8tt\p\va\ft  rf  XwiA  n^  the  positive  plate  i 
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ate  is  changed  to  metallic  lead,  asd  with  each  charge  and 
rge  «f  the  cell  these  chemical  actioua  tahe  place.  The 
-notive -force  of  the  cell  rises  as  the  charge  increaaeB,  and 
riation  cap  best  be  seen  by  plotting  a  curve,  as  in  the  ac- 
nying  diagrani,  which  ehows  the  variation  of  electro-motive 
hrough  a 'Complete  charge  and  diacharge. 
aciiy  of  Storage  Cells. — The  unit  of  capacity  is  the 
^houiv  and   a   cell  of  50   ampire-houra'  capacity  ie  one 


Capacity  In  Amp&re-liourB. 

when  discharged  at  its  normal  rate  gives  liMt  wido  a.  ia»s^p*st 
dres  fbraucb  a  number  of  hours  thftt  ftie  -^xo&inA  <A  flaatvasa 
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ber  of  amperes  by  the  number  of  hours  equals  50.  -  The  e^MOlf 
of  a  cell,  or  the  number  of  ampere-hours  which  can  be  taken  boi 
it  without  carrying  the  voltage  lower  than  1.8  voItB,  is  m 
much  afiected  by  the  rate  of  discharge,  being  much  less  at  anm 
than  at  a  slow  rate  of  discharge.  The  accompanying  diagn 
shows  the  variation  of  ampere-hour  capacity  of  a  cell  •  when  (M 
charged  at  various  rates.  I 

Efficiency. — The  efficiency  of  a  cell  is  the  ratio  between  dJ 
amount  of  power  which  can  be  taken  out  of  it  and  that  whidiil 
put  into  it.  It,  like  capacity,  varies  with  the  rate  of  diech^l 
and  may  be  anywhere  from  50  to  95  per  cent.,  according  to  dJ 
charge  and  discharge  rates  used.  Eighty  per  cent,  for  the  nomJl 
discharge-rate  of  a  cell  is  a  good  value  except  for  the  ver}*  largall 
cells.  To  measure  the  efficiency  the  watt-hours  put  in  (luringl 
charge  are  measured  by  an  ammeter  and  voltmeter,  and  similarijl 
the  watt-hours  taken  out  in  discharge.  The  quotient  of  the  lattff  I 
by  the  former  is  the  efficiency.  I 

The  principal  troubles  of  storage  cells  are  short'CireuiUfifi,k(^\ 
ling,  and  Milphathig,  The  first  is  caused  by  buckling  of  plate?  or  j 
by  the  dropping  out  of  portions  of  the  pencils  of  active  niatiTiai, 
which  in  time  form  between  the  positive  and  negative  plati^i 
connection  which  causes  loss  of  chargp  and  destruction  of  the 
plates  if  not  noticed  and  remedied  hj  taking  out  the  material 
BiickliiiL^  is  (hio  to  an  excessive  rate  of  discharge  or  an  uuequil 
discliarp'  at  different  parts  of  the  plate.  To  assist  in  prcvt-iitinf 
it  tlu^  ]>lates  are  separated  by  glass  or  rubber  distance-pieca 
Sn^[)lKltinL^  or  the  production  of  a  complex,  hard,  white-lead  ?nl- 
]>li:ite,  is  eaiised  by  carrying  the  discharge  of  the  battery  too fe 
or  by  KttiiiL^  it  stand  too  long  without  recharging.  It  is  remedial 
bv  ])er>i>ti'nt  eliarLnnsr. 

Care  of  Cells. — In  the  care  of  cells  the  frequent  use  of  a  volt* 

niettT  and  hy^lrometer  is  necessary.      The  voltmeter  slioulii  i* 

connected  in  succession  to  each  cell  of  a  batterv,  and  the  reading 

oomjmrcd  to  see  W  tWy  ivto  \\w\icNxvc\,    \^  iVvev  are  not,  the  eel* 

fg  low  reading*  need  uxV^wXX^^.    'IV^  V^^xqsi»r\r\  \i^^ 
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•f  the  solution,  vhicli  when  fully  charged  should  be  1.22. 
shea,  as  the  cells  (u;e  diacharged,  down  tu  about  1.17.  The 
of  the  hydrometer,  therefure,  give  an  indioation  of  the 
I  of  each  cell  io  which  h  is  placed.  The  r^ular  uee  of 
Q  iDBtrumeols,  a  careful  attention  to  tlte  discharge  rate, 
nspection  of  cells,  and  the  mining  good  of  water  lost  by 
ion,  ao  as  to  keep  the  tops  uf  the  plates  always  covered, 
e  the  moet  vital  paints  connected  with  the  use  of  storage 

tages  of-  Using  Storigo  Bttteri«9. — There  are  two  cases 
the  use  of  the  storage  battery  is  of  the  highest  benatit. 
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-.  is  to  use  it  to  take  care  of  light  Inads,  allowing  the 
nachiuery  and  perhaps  the  boilers  to  be  shut  down  and 
ay  with  the  expense  of  the  necessary  attendance  for  such 
■y.  The  second  is  to  take  what  is  called  the  peak  of  the 
1  almost  no  electrical  plant  is  the  amount  of  power  used 
In  lighting  work  there  is  a  variation  something  like 
sa  in  the  diagram,  where  during  the  hours  from  four  to 
s  a  \ery  inrj^e  lomi.  Tlie  stnrafte  battftT^  (a,"t\\se.  ■«»»&,  \a 
■aatage  ia  Bupplyiiig  power  reyTeaeulti.  ^j-j  'i^*  -a-^V^ 


^* 


766 


TBB    SirOIllBKB^8'^HA«l>V-^Bbii0n 


pftii  of  tb»  cnrve,  it  being eliarged^lriiiblihslManttiil 
19  light,  and  tbrown  in  mnltiple  with  a»  jglfM  M 
a  part  of  the  load,  between  the  hfliiunrwhn'tik»'|Mk^eitanK: 
this  way  the  boikn,  engiiieB,Bnd  dyimnleawioilB^iai] 
load,  and  thereifoie  more  eeonomiMlly^thaB'tiiqri 

Method  of  Oommrtlng  Batterlei;M>w]iig  tortile  &i*  thii 
electro^motive  foree  of  a  oell  in<»eaMB'>wiift  «haiga  and* 
with  dischaige,  it  is  neoenarj  tO'hafve^^qiedial'aRai^eiMBli 
which  a  dynamo  while  supplying  li^ts  may  ohaige  a  batteiyi 
cells,  and  by  which  the  eleotx«^o(j^re:=fiyreB  of  liaetof  oeth 
be  kept  constant  while  they  lure  inipplying  lamps.    The 
ment  for  discharge  will  be  first  described.    Sappopng  a  tUk 
system,  we  must  haFe  a  .number  (tf^-eeUs  m.  series  equal  to 
volts,  or  abcfut  60  ceUs.  .  When  fblljf-diaiged,-ae'eMh  cell  has 
elecbo-motive  force  of  2.2  tolts^  ihe^-MaL  ehettfO^notiTe  fimsei 
the  60  cells  would  be  132  volts,  a  pressure  whkdi  would  serioodyii 
jure  the  lamps.    When  the  eelb  are  fully  charged,  therefoic^i 
sufficient  number  are  switched  out  of  circuit  to  bring  the  pi 
down  to  110  volts.    As  the  cells  discharge  and  their  electro-mot 
force  falls,  these  cells  are  switched  back  into  the  circuit  one  at 
time,  till  at  the  end  of  the  discharge  they  are  all  in  circuit 

In  charging,  the  electro-motive  force  rises.  Ab  it  is  desired 
run  110-volt  lamps  and  charge  the  cells  at  the  same  time,  we 
not  raise  the  pressure  of  the  lighting  dynamo ;  so  an  auxil 
dynamo  or  booster  is  employed,  its  armature  being  put  in 
with  the  cells  and  its  field  varied  by  its  rheostat  so  as  to 
enough  additional  volts  for  charging  at  the  proper  rate.  The  i 
companying  diagram  of  connections  shows  the  arrangement  B\ 
the  booster  and  E  its  rheostat.  F  is  a  voltmeter  and  A  an 
meter,  so  arranged  that  its  needle  stands  in  the  centre  of  the 
when  no  current  is  flowing  through  it,  moving  to  one  side 
charging  current  and  to  the  opposite  side  for  a  discharge  cui 
JfiT  represents  the  main  battery  and  ^  the  switch  which  throml 
reserve  cells  in  and  out.  S  \a  a  (iQXj^^^fe-VJKtw^  v^r^j^^Hibidk 
one  position  connects  the  baUfetvea  Vi  V^Ba  \»ss;!^  \ft  \fc 
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mrrent,  and  ia  the  other  position  counecta  it  to  the  dynamo 
arging.  £  is  a  switch  for  connecting  the  voltmeter,  so  as  to 
he  voltage  of  the  battery,  the  line,  and  the  charging  dynamo 
308ter  respectively.  0  is  an  automatic  circuit-breaker,  which 
operate  if  too  great  current  is  taken  out  of  the  batteries, 
?  is  a  circuit-breaker  which  will  open  the  circuit  if  the 
ing  current  becomes  less  than  a  certain  value.    This  lafit  ia 


ary  if  a  compound- wound  dynamo  is  used  in  order  to  pro- 
he  dynamo  from  having  a  reverse  current  sent  through  it 
the  battery  if  by  accident  it  was  slowed  down  or  stopped 
i  the  charging  switch  had  been  opened, 
'eral  other  arrangements  are  employed  ;  but  a  proper  under- 
ing  of  the  one  described  above  w'lW  \i«  aufecve^N.\.  V*  ««^>^'i 
p'neerto  comprehend  the  others  wlthoaX.  iiffii^s^'^^ ■ 


7S8  TVB    S]fr«f]f]nBtt^'8'  «rA'ir9T-B€HHtf« 
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GHAFEEB  XS3EVI:      ^ 

Neai4y  «ll  signal  ny^kmrn^^emmigimimi^ 
Darj  engineer  consuai  of  fowr  idBiHQiita?rfilie  iMltey,  the  U 
opeitftuig  statioo,  and  tin  ieed*iiig  iiMiaii.  ffiha  hattH 
niflhes  the  electrical  eneigjr  for.  opacBliQK  tba  ngnala,  and  il 
serves  to  transmit  this  energy.  The  (qperating-Btation,  whi< 
erallj  consists  of  a  key,  a  swJUoh,  dr  a  posh-button,  dot 
electrical  circuit  and  p4$nid&:.t&e  openM^hig-cnrre^  to  flow. 
receivingHBtations  ave  s<xnewhat  varied  in  (dfasigp.  Th^nu 
sist  of  a  bell  or  te|lj^ryip)iHMiipder»  giving  the  sigi^ils  if  bcm 
of  a  galvanometer  pr  jei  shiitter^ropy  which  CDnveyB  ^he  i 
bj  means  of  siglil.  Frequently  the  two  methods  of  sous 
sight  are  combined^  Of  fixe  fbiur  elements,  Ae  battery  ai 
have  already  been  discusisi^d  in  previous  chapters,  and  the 
push-button  is  so  simple  that  it  requices  no  description  i 
than  to  say  that  it  confiists  of  a  fixed  contact-piece  and  m 
contact-piece,  into  each  of  which  is  connected  one  of  the 
wires.  When  the  two  pieces  are  brought  into  contact  th 
^^j^ .  trical  circuit  is  closed  and  current  flows. 

\\Jp^  receiving  mechanisms  will  be  taken  up  i 

^jCj''*^     nection  with  the  special  systems  of  sigi 

%f^s  I     of  which  they  form  a  part 

!^|J^-^     I        Electric  Bells.— An  eleetric  b^U  c 

j     of  an    electro-magnet,  to   the    armati 

which   is  connected  a  hammer  arran| 

strike  a  gong  when  the  armature  is  pul 

,    to  the  core  of  the  magnet  by  the  passage 

^-h|i[~' — '    electric  current.      When   current  ceaa 

P         magnet  loses  its  strength  and  a  spring 

Baeotric  beU  and     the  armature  away  from  the  core  and  a 

circuit.  hamineiT  it^^m  \i\i«i  ^w^^.  ^^^fn^^  %x^  ^y^ 

^ivo  classes,  known  as  single-stroke  «cii^  -wkfra^ivagXisdCS^ 


A 


I 


1 
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A  single- stroke  bell  is  one  which  makes  one  stroke  only  each 
le  that  its  push-button  is  pressed.  In  the  accompanying  cut, 
the  line  were  connected  as  shown  in  solid  lines,  to  A  and  D,  the 
11  would  be  single  stroke. 

A  vibrating  bell  is  one  whose  hammer  continues  to  vibrate  as 
I g  as  its  push-button  is  pressed.  The  way  in  which  this  is  accom- 
shed  is  simple.  Suppose  that  in  the  cut  on  p.  758  above  the  con- 
ction  between  jFaod  D  is  taken  away  and  the  connection  between 
and  B,  shown  with  dotted  line,  is  made  instead.  When  the 
tton  is  pressed  down,  the  circuit  being  closed,  current  will  flow 
>m  F  to  B,B  to  the  contact-point  (7,  through  the  armature  E  to 

from  D  through  the  magnet  coil  to  A,  and  from  A  back  through 
3  closed  push  and  battery  to  F.  Owing  to  the  current,  the 
ictro-magnet  pulls  the  armature  E  toward  itself  and  the  ham- 
iT  strikes -the  gong  O;  but  as  soon  as  the  armature  moves 
ward  the  magnet  the  circuit  is  opened,  because  C  no  longer 
Liches  E,  The  current  therefore  stops,  and  as  the  electro-mag- 
t  no  longer  has  any  strength,  the  armature  is  pulled  away  from 

by  the  spring  S,  This  movement,  however,  brings  E  and  C 
bo  contact  again,  causing  the  whole  action  to  be  repeated,  and 
is  continues  as  long  as  the  push-button  is  held  down,  provided 
e  battery  keeps  up  its  strength.  Such  is  the  principle  on  which 
>rk  the  ordinary  bells  used  for  houses,  offices,  etc. 
The  buzzer  is  practically  a  bell  with  the  gong  omitted,  and  is 
cd  where  the  powerful  noise  of  the  bell  would  be  annoying. 

Styles  of  Bells. — Bells  are  known  as  wooden  box  if  the  work- 
g  parts  are  covered  with  wood,  iron  box  if  covered  with  iron, 
id  skeleton  frame  if  they  are  not  covered  at  all. 

Possible  Arrangements  of  Bells. — The  accompanying  diagrams 


One  push  operatingr  two  or  more  bells  at  tUe  Batn,^  tAxxy^. 
ow  the  method  of  coimect'mg  in  some  of  the  iivoT^VHi^'c\»xX.^'«w^* 
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Any  one  of  two  or  more  pushes  operating  one  or  more  beDs 


TO 


I'l' 


d. 


No.  1  push  operatingr  a  distant  bell  at  station  No.  2,  together  w 
push  at  No.  2  operatingr  a  bell  at  No.  1,  known  as  the  return  c 

Any  number  of  pushes  raay  each  operate  its  own  bell  or  bu 
This  system  is  the  same  as  the  annunciator  system. 

Any  number  of  pushes  may  each  operate  its  own  bell  and 
have  a  return  call.     This  is  the  same  as  a  return-call  annunc 

system. 

The  annunciator  in  principle  consists  of  a  number  of 
mounted  together  in  a  case,  each  operated  by  its  own  push  lo( 
in  some  distant  place.  In  practice,  however,  it  would  be  diH 
to  tell  from  the  sound  of  the  bells  which  station  was  callin 
the  hammers  and  gongs  are  omitted,  and  instead  we  ha 
simple  mechanism  operated  by  the  armature,  called  the  < 
One  of  the  simplest  forms  is  shown  in  the  cut  on  page 
When  the  current  flows  through  the  coil  the  armature 
drawn  up  a  little  way  into  the  coil  and  the  shutter  >S,  whi 
luing  eccentrically,  being  released  when  A  is  lifted,  turns  thr 
one-quarter  turn.  On  the  front  side  of  the  annunciator  c; 
needle,  which  is  attached  to  the  same  pivot  which  carri 
moves  from  a  horizontal  into  a  vertical  position.  Each  n 
being  numbered  or  otherwise  marked,  the  place  from  whicl 
signal  is  sent  is,  of  covu^se,  Vvxonnyv.  K  tq^  q.^w-^ Kw'^  XwvV 
serves  when  pushed  up  to  restore  \\ve  xv^^iiV^  v^  n^^^^  V^^ 
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tion  This  rod  can  be  operated  by  hand  or  by  an  electro- 
iiet  connected  bo  as  to  be  pulled  up  when  any  push  is 
pressed  In  this  case  ail  needles 
previously  standing  vertical  assume 
the  horizontal  position  and  then  the 
needle  corresponding  to  the  button 
pressed  turns  into  the  vertical  posi- 
tion This  arrangement  is  called 
the  avtomabc  set  back  The  accom- 
panying diagram    shows   the  con- 


Slgaal  BeU. 
Annunciator  Drop.  Annunciator  System. 

tions  of  an  annunciator  system.    To  attract  attention  the  sig- 
bell  ia  added,  so  connected  that  when  any  push  is  pressed  it 

'he  rehirn-oall  annunciator  system,  which  is  like  the  simple 
unciator  system,  with  the  addition  of  a  wire  between  each  push 

the  annunciator,  is  sliown  in  the  diagram  on  page  762. 
ire-alarm  Attachment. — A  device  for  closing  simultaneously 
ain  or  all  of  the  circuits  ringing  the  distant  bells  as  may  be 
red,  is  frequently  added  for  annunciators  used  in  hotels  and 
rtment- houses. 
upghr-ahrm  systems  are  similar  to  Bvm'pV  &wn>a\n5i%.\ax  «^ 

with  the  addition  of  a  bell  in  an  auxiWatY  "i^^'^J^*-  '^^^'^  ** 


762 
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closed;  when  any  of  the  drops  operate.    This  auxiliary  bell 
therefore  continue  to  ring  till  some  one  comes  along  and  wA 


ff" 


r— QLr 


o 


J-...JJ.> 


rUU 


Return-call  Annunciator  System. 

the  drops  to  their  usual  position  with  the  needles  horizontal, 
push-buttons  are  of  a  somewhat  modified  pattern  and  are  pi 
in  doors  and  window-casings,  so  that  if  either  a  door  or  wind 
opened  the  contacts  of  the  button  touch  each  other  and  clos 
circuit,  causing  the  corresponding  drop  on  the  instrument  to 
ate.  Frequently  the  pushes  of  all  the  windows  and  outside  • 
of  any  one  room  are  connected  in  multiple  on  one  circuit,  so 
any  one  of  them  when  closed  operates  the  drop  correspondi 
not  being  necessary  to  have  a  drop  for  each  window  and  doc 
only  for  each  room. 

Watchmen's  systems  for  insuring  that  watchmen  make 

rounds  at  the  time  and  in  the  order  in  which  they  are  exped 

do  so,  may  be  divided  into  Ivicy  OC\'»X^t^ti\.  Q\assR&,  ^.o^oji^tdu 

the  ener^ry  for  actuating  l\\e  tecoi^m^  ^feN\^<i  \%  ^'k^v^^^ 
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.tery  or  a  small  dynamo,  namely,  into  the  battery  and  magnetor 
lecQS.  The  battery  system  has  two  different  types,  the  differ- 
ie  consisting  in  the  method  of  wiring  and  the  design  of  push- 
;ton.  - 

Battery  Syatem  with  Simple  Push-button. — This  system  is 
*ed  like  a  simple  annunciator  system.  Its  push-buttons  are 
such  pattern  that  circuit  will  be  closed  io  them  only  by  push- 
;  into  them  a  special  key  carried  by  the  .watchman.  The  an- 
nciator  of  the  ordinary  system,  with  slight  modification,  becomes 
i  watchman's  clock.  The  signal  bell  and  self-restoring  magnet 
the  annunciator  are  omitted.  The  armature  of  each  drop  is 
ide  to  actuate  a  little  needle  which  punctures  a  hole  in  a  paper 
^rding-dial.  This  dial  being  divided  in  spaces  corresponding 
the  hours  from  12  o'clock  to  12  o'clock,  and  being  further  sub- 
sided into  spaces  corresponding  to  five  minutes,  and  rotating  so 
to  make  one  complete  turn  in  the  12  hours,  the  position  of  the 
nctured  holes  on  the  paper  tells  at  what  time  they  were  ma4e 
the  watchman.  The  dial  has  also  a  number  of  circles  marked 
it  corresponding  to  the  number  of  stations,  and  each  needle 
icks  its  holes  in  one  of  the  circular  spaces  formed  by  these  rings,  . 
that  a  hole  in  a  certain  ring  means  that  the  key  has  been  put 
the  corresponding  station  push-button.  The  weak  point  of  this 
}tem  is  that  if  the  watchman  can  get  at  the  two  wires  leading  to 
y  station  and  can  connect  them  together,  he  can  make  the 
>ck  register  as  if  he  had  actually  gone  to  that  station. 
The  magneto- system  overcomes  this  objection,  and  also  obvi- 
»  the  care  of  batteries.  In  tliis  system  the  wiring  and  clock  are 
5  same ;  but  instead  of  the  special  push-button  to  be  operated  by 
Ley,  a  little  dynamo,  called  a  magneto,  is  placed  at  each  sta- 
n.  The  watchman  carries  a  handle  which  he  puts  on  a  stud 
mected  with  the  shaft  of  the  dynamo  armature.  Turning  the 
adle  sends  a  current  through  the  coil  corresponding  at  the 
ck  and  causes  the  needle  to  make  a  record. 
The  other  type  of  battery  system  \\as  a  V^?.  ^:^^\vi\%^  ^^^ssa. 
viring  than  either  of  the  two  preceding,  au^  \X.  \^  N'sr^  ^cS^ssi^ 
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for  the  watchman  to  make  a  proper  record  on  the  clock 
actually  going  to  each  station.     At  the  clock  one  magtict 
needle  do  all  the  recording  for  each  watchman.      Each^ 
button  station  is  numbered,  and  on  the  dial  when  that  station  i 
operated  the  number  of  pricks  are  made  in  the  paper  correspondigf '^ 
to  the  station  number.     The  station  consists  of  an  iron  box  wtt|' 
a  hole  in  it  for  the  watchman  to  insert  his  key.     Inside  the  bdj 
is  a  sort  of  toothed  wheel  to  which  one  of  the  wires  is  conneds^'^ 
The  other  wire  is  connected  to  a  strip,  which  is  adjusted  so  that 
teeth  will  come  in  contact  with  it.     As  the  watchman  puts 
key  in  he  gives  it  a  turn  and  the  toothed  wheel,  having  a  number 
of  teeth  corresponding  to  the  number  of  the  station,  is  made  tl 
turn,  and  by  its  motion  to  make  and  break  contact  with  the  sti^ 
as  many  times  as  there  are  teeth.     This  will,  of  course,  cause  tin 

needle  to  make  an  equal  Dun- 
ber  of  holes  in  the  paper  diil 
of  the  clock.  The  wiring  st^ 
tem  is  of  the  simplest  descrip- 
tion, as  will  be  seen  from  ibf 
diagram,  the  stations  being  in  multiple  across  two  wires.  Iti 
disadvantage,  compared  to  the  magneto-system,  is  that  the  bat- 
teries require  some  attention  and  expenditure  for  renewals.  Thii 
is,  however,  slight,  as  half  a  dozen  cells  for  each  watchman  suffice 
for  ordinary  conditions. 

Batteries  Required. — The  type  used  is  some  form  of  the  zin^ 
carl)()n  sal-ammoniac  battery.  For  single  bells  or  annuneiaton 
with  short  circuits,  as  in  a  dwelling-house,  three  cells  are  usualif 
sufHcient.  For  larger  buildings  .five  or  six  will  be  needed.  For 
automatic  fire-alarms  a  much  larger  number  is  needed,  theexadi 
number  being  stated  by  the  manufacturer,  as  a  rule.  For  burglar 
alarm  and  Avatch-clock  systems  six  are  as  a  rule  sufficient,  and 
soniotimos  a  It^s?  number  may  be  used. 

The  wire  used  frequently  is  what  is  known  to  the  trade  asau* 
nuncux  tor  wire,  the  \nsv\Aivt\ow  o^  ns\\\c^  q,w\'^\$Xs.  ^S.  "s^  ^^jw^^V  ^i^tJfla 
covcrinir  dipped  \n  paraffvu.     K\^^\X^x  xx^sv^^Na^^^ 
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ed,  is  what  is  known  as  office  wire ;  while  the  common  wire 
kt  is,  the  one  in  the  sketches  which  runs  to  one  side  of  all  the 
5S — should  be  made  with  weather-proof  insulation.  In  the 
p  class  of  work  the  common  wire  is  qpade  with  a  rubber  insu- 
I  and  the  other  wires  of  rubber  or  weather-proof. 
^thods  of  Carrying  Wires. — In  the  cheaper  classes  of  work 
ires  are  tacked  to  wood-work  with  staples  or  held  by  a  piece 
3e  folded  around  the  wire  and  tacked  to  the  wood.  In  fire- 
constructions,  however,  the  wires  are  carried  in  conduit, 
1  should  be  of  the  iron-armored  variety.  The  prevailing 
ice  is  to  carry  as  many  wires  as  is  desired  in  one  tube. 


CHAPTER  XXXVII. 

THE  TELEPHONE. 

16  phenomenon  of  sound  is  caused  by  vibrations  of  the  par- 
of  air ;  its  pitch  is  dependent  upon  the  number  of  vibrations 
3coud,  its  loudness  on  the  widenesa  of  those  vibrations,  and  its 
ty,  that  property  by  which  we  distinguish  tones  of  the  same 
and  loudness,  upon  the  form  of  the  vibrations.  This  last  point 
Qewhat  difficult  to  understand.  Suppose  that  a  mass  of  air  is 
I  vibration  by  a  tuning-fork,  and  that  we  study  the  motion  of 
'le  particle  of  air  by  plotting  on  a  flat  surface.  Let  distances 
3  right  of  the  vertical  represent  time,  and  vertical  distances 
sent  the  distance  which  the  particle  has  moved  through  at  any 
The  motion  of  the  particle  would  be  represented  by  the 
line  in  the  figure.  Distances  above  the  horizontal  corre- 
l  to  motion  in  one  direction  from  its  position  of  rest,  and  dis- 
s  below  the  horizontal  represent  similarly  motion  in  the  op- 
}  direction.  If  we  set  the  air  into  vibration  by  means  of  a 
i  violin-string,  the  shape  of  the  wavy  Wne  vso\3L\^\ifeN<bT^  \k^^ 
d,  as  In  the  second  figure.     To  perfecWy  Te^YC»^\\^^  ^qjsxtn^^^ 


fa  MGBBitiTf  to  ¥e|)Mdciee  di«'{dfc«Ai  orniuulf^  of  wavttfur 
tti4  «he  quality  or^fbrtii  >4|f  UmM  #»Mi,'  «iid  tmUciaii  iride 


I  ji 


vibration  (dfatanoe  above  and  below  the  horizontal  line)  in 
the  listening  ear. 

The  telephonic  treftemieshMi  9t  epeeek  between  two 
may  be  best  considered  in  two  parts :  1.  The  transmitter, 
produces  in  the  wires  oennectiDg  tine  two  points  a  varying  i 
whose  curve  of  variation,  if  plotted,  has  the  same  nun 
vibrations  per  second,  and  whose  form  is  the  same  as  that 
sound  waves  which  strike  upon  the  diaphragm  of  the  tran 
mouthpiece.  2.  The  receiver,  into  which  comes  this  varvii 
rent,  which  is  made  to  set  a  diaphragm  into  vibrations  < 
similar  to  those  of  the  transmitter  diaphragm.  The  recei^ 
phragm,  of  course,  sets  the  air  surrounding  it  into  vibratioi 
lar  to  those  caused  by  the  voice  speaking,  and  the  ear 
listener  is  affected  in  the  same  way,  though  not  so  strong! 
the  speaker  were  talking  directly  to  him.  In  the  early  tele 
the  transmitters  and  receivers  were  identical,  but  in  receni 
another  type  of  transmitter  has  been  developed  to  secure  | 
loudness.  The  receiver  is,  however,  still  used  in  nearly  it 
nal  form,  and  is  known  as  the  magneto-receiver. 

The  magneto- receiver  consists  of  a  bar  magnet  with ; 

cylindrical  pole-piece  of  soft  iron  on  one  end.    Mounted  < 

pole-piece  as  an  axis  is  a  \\tt\e  Nsoo^ew  ^^cicX^ovsxA'^tUfir 

In  front  of  the  spool  is  a  t\uxv  wcv\\^x  ^>^qS.  ^"^\v 
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^m  shows  two  of  these  connected  by  wire  ready  for  talking, 
pose  the  left-hand  one  is  used  as  the  transmitter  and  the  other 


Magneto-recel'v^ers  naed  Alternately  as  Transmitters. 

he  receiver,  the  action  is  as  follows :  The  voice  of  the  speaker 
the  diaphragm  of  the  transmitter  into  vibration.  The  motion 
:he  iron  near  the  magnet-pole  alters  the  position  and  density 
Ae  magnetic  lines  of  force  enclosed  by  the  coil  and  sets  up  a 
ying  electro-motive  force  in  the  coil.  This  produces  a  curr^it 
.he  line  with  a  similar  variation  or  wave-form  to  the  original 
nd-wave.  This  varying  current  flowing  around  the  coil  of  the 
nver  causes  the  strength  of  its  pull  on  the  receiver  diaphragm 
7ary  in  a  similar  way,  and  therefore  to  set  up  in  the  receiver 
phragm  vibrations  similar  to  those  of  the  transmitter  dia- 
•agm.  This  sets  the  surrounding  air  into  similar  vibration. 
is  causes  the  listener's  ear  to  be  affected  just  as  if  the  speaker 
re  talking  directly  in  his  ear,  although  not  so  loudly.  When 
speaker  has  finished  he  puts  the 

Irument  to  his  ear  and  listens  to  IW  t^ 

»  other  party.    To  avoid  the  ne-       c=i    I  e=j 

Bity  of  changing,  each  party  may     p-O— J  f     {J     ^ 

ye  two  telephones,  one  for  talking 

3  the  other  for  listening,  connected  in  series  as  shown  in  the 
•gram. 

The  Battery  Transmittep. — In  the  magneto-transmitter  just  de- 
ibed  the  varying  current  is  produced  by  setting  up  an  electro- 
tive  force  whose  wave-form  of  variation  is  similar  to  that  of 
Sound-wave  producing  it.  Another  way  to  produce  the  vary- 
curreut  is  to  use  a  constant  electro-mot\ve  iote^^\wX.  ^coc^^-^- 
»  resistance  varied  by  the  sound-wave  aud  \v«uN\\>k^  X?w^  ^a»J®^ 
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wave-form  of  variation.     It  was  discovered  that  the  resistaao 
the  point  of  contact  of  two  pieces  of  carbon  varied  exactly  ^ 
the  pressure  put  upon  it,  or  rather  inversely  as  the  pressure 
upon  it,  the  conductivity  varying  exactly  with  the  pressure, 
virtue  of  this  discovery  the  use  of  the  battery  transmitter  bee 

possible.    A  current  is  sent  thn 

T^  the  circuit  consisting  of  the  rece 

.  .  "i — U     line,  and  carbon  contact,  as  sh 

|l|l  jj^  ^YiQ  diagram.     One  of  the  cai 

Oarbon  Transmitter.         pieces  is  fixed  and  the  other  m 

with  the  diaphragm.  When 
latter  is  spoken  against,  its  vibrations  cause  the  vai  ring  press 
on  the  contact  between  the  two  carbon  pieces.  Tiiis  causes 
varying  resistance,  which  produces  the  varying  current  neces 
to  transmit  speech. 

Improved  Forms  of  Receiver, — ^In  the  later  forms  the  reoe 
magnet  is  made  of  a  horseshoe  shape,  each 
pole  having  a  spool  of  wire,  it  having 
been  found  experimentally  that  with  this 
form  a  given  motion  of  the  diaphragm 
produces  the  greatest  possible  change  in 
the  number  of  lines  of  force  enclosed  by  Horseshoe  Magn 
the  coils.  Receiver. 

Improved  Forms  of  Transmitters. — In  order  to  make  thev 
ation  of  resistance  as  great  as  possible  the  number  of  contaci 
increased  by  having  the  circuit  pass  through  a  number  of  si 
carbon  particles  against  which  the  diaphragm  presses.  The 
signs  of  such  transmitters  are  exceedingly  numerous,  the  f 
cij)iil  difficulties  to  be  overcome  being  questions  of  patent* 
the  liability  of  the  carbon  particles  to  pack,  which  preventcs  t 
freedom  of  movement. 

The  Induction  Coil. — On  long  lines  the  resistance  of  the  li 

which  is  fixed  in  value,  is  so  much  greater  than  that  of  the  v 

able  carbon  contacts  t\\al  \\ve  q^^qX.  «i^  X^^  \aKKfex  \s«.  ^jractic 

To  overcome  t\u^  d\1t^^\Av^  ^V*^  \w^xx^n:\q\w-^^^  \^  \i^ 
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Connections  usingr  Induction  Colls. 


sistg  of  a  bundle  of  fine  iron  wires  about  three  inches  long, 
[  wound  around  these  as  an  axis  is  a  coarse  wire  coil  of  about 
.  16  wire  and  a  fine  wire 

of  No.  24  or  smaller,  ao-  n — r 
ding  to  the  length  of  line.  L*aaa^ 

3  coil  is  connected  as  shown 
;he  diagram,  and  the  effect 
so  much  improved  that 
ech  is  possible,  commer- 
lly,  over  distances  as  great 
L500  miles.  There  is  no  trouble  in  speaking  over  greater  dis- 
cos than  this  were  it  not  for  the  expense  of  constructing  suit- 
e  lines. 

liethods  of  Calling  Up. — For  short  lines  a  return-call  bell 
tern  is  employed,  but  for  distances  over  two  or  three  hun- 
d  feet  either  specially  wound  bells  or  a  magneto-coM  must 
used. 

The  magneto-call  consists  of  a  small  hand  dynamo,  which  gives 
jrnating  currents.     These  traverse  the  coils  of  an  electro-mag- 

whose  armature  is  a  permanent  magnet,  and  alternately  tip  it 
!  way  or  the  other.     The  armature  carries  a  hammer,  which 


Line 


Connections  of  a  Magrneto-call  Instrument. 

kes  alternately  two  gongs  placed  one  on  each  side  of  it.    The 
thod  of  connecting  a  telephone  instrument  with  a  magneto- 

1 18  shown  ID  the  diagram,  where  the  letters  VuA\^"8X^'*5cifc^^^'^' 
parts : 

49 
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My  the  magneto-generator. 

R,  the  receiver,  to  be  hung  up  on  a  hook,  except  when 

H,  the  automatic  hook. 

Ty  the  transmitter. 

ly  the  induction-coil. 

By  the  battery. 

C,  a  shunt  coil  in  multiple  with  bell  when  magneto  is 
turned. 

Dy  contact  disk  to  which  one  end  of  magneto-armature  is 
nected. 

Sy  end  of  armature  shaft  to  which  other  end  of  armature 
is  connected. 


The  diagram  shows  the  condition  of  things  when  no  one  i| 
talking.  With  no  one  talking  the  call-bell  only  is  in  circuit 
the  line  wires.  When  the  operator  at  this  instrument  wants 
call  up  No.  2  he  turns  the  handle  of  the  magneto.  This  pi 
over  the  armature  a  little  to  the  right  and  closes  the  contact  at  ft^ 
breaking  contact  at  the  hook-shaped  contact  opposite  D  on  tfcij 
disk,  and  throws  his  generator  on  to  the  line,  so  that  it  rings  hisbJ 
and  that  of  No.  2.  When  both  receivers  are  taken  off  the  hook! 
the  bells  and  magnetos  are  cut  out  of  circuit  and  the  inductios-l 
coil,  receiver,  and  battery  are  thrown  into  connection,  as  will  be] 
seen  from  the  diagram. 

Telephone  Systems. — There  are  two  systems  under  whiA] 
telephones  are  operated,  known  as  the  intercommunicating  systetj 
and  the  exchange  system. 

The  intepcommunicating  system  consists  of  instruments  ■! 
above  described,  combined  with  a  suitable  number  of  wires  roi-l 
nino-  to  all  instruments,  and  at  each  instrument  such  a  form  of' 
mechanical-contact  changing  switch  as  to  enable  each  telepboofj 
station  to  call  up  any  particular  station  without  interfering  witkj 
any  others  who  may  be  talking.  There  are  numerous  examplesrf 
such  system?,  only  a  f evj  o?  \^\vve\v  ^\«;i.  ^•aNA^'w^^Xwrr^ .  ^^^^^^1 
myii/re  as  many  wires  runmiv^  Vo  ^WV^X^^V^-^^^^w^^s^^i* 
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in  the  system,  plus  two  wires  in  addition,  while  some  of 
3ms  require  three  wires.  They  may*  be  operated  with  a 
:>r  magneto-call,  though  usually  using  the  former.  The 
uirement  which  they  should  fulfil  is  that  after  finishing 
.tion  it  shall  only  be  necessary  to  hang  up  the  receiver, 
stems  require  also  that  a  switch-handle  shall  be  returned 
ime  place  or  that  a  plug  shall  be  put  in  a  certain  hole, 
t  station  cannot  be  called  up  by  others.  Such  an  ar- 
nt,  however,  is  fatally  defective.  For  numbers  above  fif- 
iwenty  it  is  rarely  desirable  to  use  the  intercommunicating 
silthough  much  larger  systems  are  in  operation, 
inge  System. — In  such  systems  two  (or  sometimes  three) 
in  from  each  telephone  to  a  central  point,  at  which  an 
sits,  whose  duty  it  is  to  connect  the  lines  of  any  two  tele- 
)y  means  of  a  convenient  switch-board  and  to  disconnect, 
len  they  have  finished  talking.  The  connections  are  made 
a  pair  of  flexible  cords,  called  talking  cords,  which  are 
[  to  plug-shaped  pieces.  The  signals  of  the  person  calling 
nade  on  an  ordinary  annunciator  if  a  battery  call  is  used ; 
n  general  a  magneto-call  is  employed,  a  special  form  of 
used. 

drop  is  made  in  many  different  forms,  one  of  which  is 
ed  in  the  cut.    The  shutter  8  has  on  }ts  face  a  number 
•ndingto  thenum- 
ie  telephone  whose  ^oTeitfhcn^ 

ad  into  it  and  is    *^ 
in    such    a    way 
m  a  current  passes 
the  coil  of  the  d  rop 

ittached  to  the  armature  of  the  coil  is  moved  out  of  the  wav 
shutter  falls,  calling  the  attention  of  the  operator  to  that 
ar  subscriber.  The  operator  puts  one  of  a  pair  of  talking 
I  connection  with  the  calling  telephone,  as  shown  in  the 
?ul;.  The  plug  when  pushed  into  ttve  dto^  ^^^wwXrs^  "^^ 
ict'pwoe^  md  one  wire  of  the  coid  \»  QoxxwwXft^  Vi  ^tx^«^ 
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of  the  line  and  tlie  other  wire  of  the  omd  to  the  other  adeoi 

■ 

lina    It  will  also  be  noticed  that  the  ooil  18  eat  oot 


spreading  action  of  the  plag.  Hie  operator  asks  what  oum 
wanted,  and  on  receiving  a  reply  pats  the  plag  on  the  othc 
of  the  cord  into  the  drop  of  the  number  wanted  and  presses 
or  throws  a  switch,  which  for  a  moment  disconnects  the  cord 
the  caller's  line.  Then  she  connects  a  magneto-call  to  the  ts 
cord  and  rings  up  the  party  desired.  Then  releasing  the  I 
switch  she  throws  the  two  subscribers  into  connection  with 


J»«,of/tf,»^    Hj^ 

^ 

N    NO 

^:?v 

<v      \ 

^  / 

\ 

^' 

\ 

other,  as  shown  in  the  diagram  in  solid  line.  The  dotted  line 
how  the  operator's  telephone  or  magneto  may  be  thrown  in  by 
ing  the  proper  keys.  When  the  two  parties  have  finished  ti 
each  hangs  up  his  receiver  and  gives  a  partial  turn  to  the  1 
of  his  magneto.  This  will  make  the  shutter  of  the  ring-ol 
&J]  and  tell  the  operator  that  that  particular  talking-cord 
longer  in  use.  Rl\e  tVxen  laVea  o\\\.  \\\^  ^xs.*^^  ^w\t^Vs^'».>5« 
^^  '^rop  shutter  and  lYie  ahuUfcx^  q^  xXi^  ^^i^^^  ^-^^  ^-^-^ 
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irtical  positions,  ready  to  receive  new  signals.  There  are,  of 
>ur8e,  several  talking-cords,  so  that  any  number  of  pairs  of  sub- 
tribers  may  talk  together  without  interfering  with  each  other. 

In  large  exchanges  numerous  additions  and  modifications  to 
ich  an  arrangement  are  made  in  order  to  make  the  operation  of 
le  board  quicker  and  less  liable  to  eiTor.  For  example,  the  fall- 
ig  of  a  shutter  is  made  to  close  an  auxiliary  circuit  and  ring  a 
sll  or  light  a  lamp  to  call  the  operator's  attention,  and  a  power 
^nerator  is  used  so  that  simply  pressing  a  key  tends  to  send  a 
nging  current  on  to  the  line  to  which  the  talking-cord  is  .con- 
ected,  etc. 

QUESTIONS. 

How  may  an  electric  current  be  produced? 

What  is  a  battery  ? 

What  metal  is  usually  employed  for  one  pole  of  a  battery? 

What  kind  of  a  solution  is  generally  employed  ? 

What  are  some  of  the  effects  which  an  electric  current  will 
roduce. 

What  is  an  anode  f     A  cathode  f 

How  can  the  direction  in  which  an  electric  current  flows  be 
eterrained  ? 

What  is  a  galvanometer,  and  how  is  it  made  ? 

What  are  lines  of  magnetic  force?  How  may  they  be  ob- 
2rved  ? 

What  is  produced  when  lines  of  force  are  cut  or  crossed  by  a 
onductor? 

What  is  Fleming's  rule  for  the  direction  of  induced  currents? 

What  is  an  electro-mftgnet  ? 

What  is  the  fundamental  experiment  on  which  the  electric 
Dotor  is  based  ? 

Explain  how  the  idea  of  electrical  resistance  has  arisen  ? 

What  does  e.  m.  f  mean  ? 

What  are  the  three  principal  electrical  \\\\\\^,  «iw^\^\!iaX.  ^x^'^^ect 
ames? 
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•  •  •  . 

What  iB  a  kilowatt? 

What  are  the  law8  governing  regirtanoe? 

What  is  condactiyity  ? 

Define  specific  resktance. 

What  efiect  does  a  change  in  temperatnie  hsTe  on  lenrtiiat  i 

For  what  purpoee  is  an  insolator  used? 

What  is  the  relation  of  heating  eifect  to  current  rtreogthT 

Define  electro-chemical  equivalent 

How  much  silver  will  be  de^xxaited  in  one  second  by  a  ennoC 
ofoneampdre? 

Describe  the  general  process  of  electro-plating. 

How  may  an  electro-motive  force  be  produced? 

Oive  an  example  of  some  values  used  in  practice. 

What  is  Ohm's  law? 

Describe  the  method  of  measuring  a  current. 

How  would  you  measure  voltage?    How  a  low  reeistanceT 

How  would  you  measure  a  high  resistance? 

Describe  the  measurement  of  power. 

What  is  the  principle  on  which  the  Edison  meter  operates? 

What  is  a  storage  battery  ? 

What  is  an  open-circuit  battery  ?    Describe  one. 

Describe  the  Daniell  cell.     The  Edison-Lalande.     For  whi 
kinds  of  work  is  each  of  these  cells  suited  ? 

When  would  you  use  a  bichromate  cell  ? 

How  would  you  amalgamate  a  zinc  plate  ? 

By  analogy  how  may  a  dynamo  be  regarded  ? 

Describe  an  ideal  simple  dynamo  with  commutator. 

What  is  the  differencebetween  a  ring  and  a  drum  armature? 

Why  are  armatures  slotted  ?     Why  ladiinated  ? 

What  is  a  multipolar  dynamo,  and  why  is  it  made? 

What  is  a  series  dynamo  ?     A  shunt  dynamo  ?     A  compoon^ 

What  is   a   characteristic?     Draw  the   characteristics  of  tli 
three  types  mentioned. 

What  18  meant  by  over-com^^\x\!l^\\i^,wA^\s^^&^^.^l5PBAt 
'ie  regulation  oi  a  a\vv\ii\.  xuaOKvaa  ^wj^^m^^J^ssfiwAX 
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What  is  a  switchboard,  and  for  what  is  it  used  ? 

Describe  the  ground  detector. 

Explain  the  purpose  and  action  of  a  circuit-breaker. 

Explain  how  to  run  two  dynamos  in  multiple. 

Describe  the  series  system  of  distribution.     State  disadvantages. 

Describe  the  parallel  system  and  state  its  advantages. 

What  are  feeders  f     Mains  f    Branches  f 

Describe  the  Edison  three- wire  system.    What  advantage  has  it  ? 

Explain  how  to  calculate  the  size  of  wire  for  a  given  distance, 
jrrent,  and  drop. 

Why  are  high  electric  pressures  used  ? 

Explain  the  methods  used  in  insulating  conductors. 

Describe  the  various  methods  used  in  carrying  electrical  con- 
uctors. 

What  is  a  fuse,  and  what  is  its  purpose?     What  is  a  cut-out? 

Describe  the  various  kinds  of  switches. 

What  is  a  socket  ?    A  receptacle  ?     Describe  the  Chapman. 

Why  are  insulating  joints  used  ? 

What  is  a  dimmer? 

What  is  a  2000-c.  p.  arc  lamp  ? 

What  must  all  satisfactory  lamps  do? 

What  is  an  enclosed  arc,  and  what  are  its  advantages? 

Describe  the  incandescent  lamp  and  its  manufacture. 

What  candle-powers  and  voltages  are  commonly  made? 

What  is  meant  by  the  efficiency  of  a  lamp  ? 

How  does  it  vary  with  the  life? 

When  is  it  desirable  to  use  a  high  efficiency  lamp  ? 

What  is  the  unit  of  illumination,  the.  candle-foot  ? 

How  does  intensity  of  illumination  vary  with  the  distance? 

What  is  the  effect  of  color  on  the  amount  of  light  reflected? 

Show  the  advantage  of  scattered  lights  over  the  same  number 
lassed  at  one  point. 

What  difference  exists  between  a  dynamo  and  a  motor  ? 

For  what  purpose  is  a  series  motor  used? 

When  18  a  shunt  motor  desirable? 
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How  is  speed  regulation  obtained  with  a  serieB  motor?  Hot 
with  a  shunt  motor  ? 

Explain  why  a  starting-box  is  needed  for  motors  on  oonstiat 
potential  circuits. 

Explain  what  protective  devioes  are  needed. 

What  is«  moto]>generator?    What  are  its  principal  uses? 

Describe  the  eUoride  accumulator  or  storage  battery. 

How  can  you  tell  which  plates  are  positive  and  which  negative! 

Describe  the  phenomena  of  charge  and  discharge  and  show  tb 
variation  of  pressure  at  the  cell  ^terminals. 

What  is  an  anipdrehour? 

How  does  the  rate  of  discharge  afiect  the  efficiency  and  capso^ 
of  a  storage  cell  ? 

What  are  the  principal  troubles  of  storage  cells  f    State  tk 
advantages  of  using  them. 

Describe  an  electric  bell,  both  single-stroke  and  vibrating. 

What  is  a  buzzer? 

Describe  an  annunciator  system.    How  does  the  return-call  sys^ 
tern  differ? 

Explain  the  operation  of  a  fire-alarm  attachment. 

What  modifications  are  made  for  a  burglar-alarm  system? 

Explain  k  watchman's  time-detector  system  ? 

What  are  the  advantages  of  the  magneto  system  ? 

What  batteries  would  you  use  for  an  annunciator  system?  What 
kinds  of  wire  are  used,  and  how  carried  ? 

How  is  sound  produced  ?    What  are  its  three  qualities  ? 

What  is  necessary  in  order  to  reproduce  a  certain  sound  ? 

Explain  the  magneto  receiver. 

Explain  the  telephone  transmission  of  speech  by  means  of  it 

Describe  the  battery  transmitter. 

What  improvements  have  been  made  in  receivers  ?     What  in 
transmitters  ? 

What  is  an  induction  coil,  and  for  what  purpose  is  it  used? 

Explain  the  magneto-caW  s.^^\.etti. 

What  is  in  an  intercomm\\mea\A\\?»\^«^^Ti^«3^^^'^ 


BS  AND   TABLES  USED   IN  CALCULATION. 


CHAPTER  XXXVIIL 

fimetic  is  the  art  of  computation  with  numbers  or  known 
ties.  It  comprises  various  operations,  such  as  addition,  sub- 
n,  multiplication,*division,  powers,  roots,  ratio,  proportion, 


Signification  of  Signs  Used  in  Calculations. 

:  signifies   Equality,  as  3  added  to  2  =  5. 

Addition,  "4  +  2  =  6. 

Subtraction,  "7  —  4  =  3. 

Multiplic9,tion,  "     6  x  2  =  12. 

Division,  "     16  -^  4  =  4. 

Proportion,  "     2  is  to  3  so  is  4  to  6. 

Square  Root,  "     v/16  =  4. 

Cube  Root,  "     ^64  =  4. 

3  is  to  be  squared,      "     3"^  =  9. 

3  is  to  be  cubed,         "     3'  =  27. 
15)  4  =  28  signifies  that  if  two  and  five  are  added  to- 
gether and  their  sum  multiplied  by  four  the 
product  equals  twenty-eight. 

3  assumed  that  the  user  of  this  book  is  familiar  with  the  simpler 
ns,  such   as   addition,  subtraction,  multiplication,  etc.,  and   hence 
•e  not  taken  up.     The  rules  given  in  this  chapter  are  intended  only 
ih  the  memorj.     Those  who  desire  a  tborougVv  \,Tea.Vcs\ecv\.  q»"\.>^^^>S^ 
referred  to  Greenleafs  Aritlimetic 

11*1 
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+,  plus,  means  that  the  number  after  it  ia  to  be  added  i 
number  before  it ;  thus,  5  +  4  are  9. 

— ,  minus,  means  that  the  number  after  it  is  to  be  mbtr 
from  the  number  before  it;  thus,  5  —  4  is  1, 

X ,  multiplied  by,  means  that  the  nuini>er  before  it  is  to  bi! 
tiptied  by  the -number  after  it ;  thus,  9  x  3  are  27. 

-{-,  divided  by,  means  that  the  number  before  it  is  to  be  di 
by  the  number  after  it;  thus,  9  -i-  3  are  3. 

:=,  equal  to,  means  that  the  quantity  after  it  is  of  ibe 
value  as  the  quantity  before  it;  thus,  5  -J-  6  ==  11. 
,    Th^re  &re  tv^isyBtemsof  nQtationused  in  arithmetic,  the  J 
and  the  Soman.    The  formei:  is  the  ftuniliar  one,  tuaed  a 
figurM 

1,2,3,^5,6,7,8,9,0, 
any  two  or  more  of  which  joined  together  make  a  number. 
Roman  is  no  longer  used  in  aal^latioae  but  ia  frequentl} 
ployed  in  numbering.    One  of  the  princijwl  defects  of  tlu 
tern  IB  that  it  haa  no  symbol  tor  the  dpher. 

ROMAN  NOTATION. 
The  following  t«n  characters  represent  in  Roman  uotatic 
numbers  from  one  to  ten,  viz. : 

I,  II,  III,  IV,  V,  VI,  VH,  VIII,  IX,  X. 
Larger  numbera  are  made  up  by  combiuiug  these  signs 
Eleven,  XI ;  twelve,  XII ;  thirteen,  XIII ;  twenty-one,  XX 
The  table  of  Arabic  and  Roman  equiv^ent«  will  make  this 

Arabic.        Bomui.         Arabic.      Raman.  Arabic        Reman. 


13 

XIII 

20 

XX 

70 

LXX 

14 

XIV 

21 

XXI 

80 

LXX5 

15 

XV 

30 

XXX 

90 

XC 

16 

XVI 

40 

XL 

91 

XCI 

17 

XVII 

60 

L 

100 

C 

18 

XVIII 

60 

\X 

\l!i\ 

CI. 
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Ratio. 

is  the  relation  as  to  magnitude  which  one  number  bears 

another,  thus 

6:3 

read  6  is  to  3,  and  means  the  numerical  relation  which  6  bears 
3.     The  ratio  of  two  quantities  is  measured  by  the  quotient  ob- 
ined  in  dividing  the  one  by  the  other.     For  this  reason  it  may 
9o  be  written  in  the  form  of  a  fraction  thus : 

6:3  =  t  =  2; 

at  is,  the  ratio  of  6  to  3  is  equal  to  6  divided  by  3,  which  equals  2. 

Proportion. 

Proportion  is  an  expression  of  equality  between  two  ratios,  thus 

6:3  =  4:2 
a  proportion,  which  may  also  be  written 

6:3::4:2 

It  will  be  observed  that  every  proportion  must  consist  of  four 
rms,  of  which  the  two  outer  ones  are  called  the  extremes  and  the 
?o  inner  ones  the  means.  Thus  in  the  above  proportion  6  and  2 
re  the  extremes,  while  3  and  4  are  the  means.  In  every  true 
roportion  the  product  of  the  means  must  be  equal  to  the  prod- 
ct  of  the  extremes;  hence  if  three  terms  of  a  proportion  are 
nown,  the  fourth  may  be  found  by  the 

RULE  OF  THREE. 

If  two  means  and  one  extreme  are  given,  divide  the  product  of 
le  means  by  the  extreme;  the  quotient  will  be  the  other  ex- 
reme,  and  vice  versd,  thus : 

8:4::    ?  :12. 
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To  find  the  other  d 


;  multiplj-  8  by  12  and  divide  by  4. 


which  is  the  other  mean. 

Example. — If  it  requires  a  25  horae-power  engine  to  run  ihn 

lOols  of  a  certaiu  kiod,  Low  many  horse-power  will  be  reqoiwlt 

ran  24  tools  of  the  same  kind  ? 

3;24::25:? 

24x25       „.^, 

— n —  =  '200  horae-power. 

Instead  of  tiBitig  an  interrogation  gmint  to  represent  the  Oi 
I  fafown  term,  it  is  customary  to  use  tlie  letter  x. 

FRAOnONR 

To  reduce  from  common  or  vnlgar  fractfonB  to  decimal  fit 
tions,  annex  dphers  to  the  numerator  saA  divide  by  the  deDM 
nator.     Thus  ^  - 1  -i- 16  ••  .0626! 

Table  of  Vulgab  and  Decimal  Fbactions  of  an  Iscb. 


Vulgar 

Decimal 

Vulgar 

Decimal 

Vulgar 

DecimJ 

Fractions 

Friolions 

Fractions 

Fractions 

Fractions 

Fraclioni 

of  an  IdcIi. 

uf  an  Inch. 

ofaiilnch 

ofan  Inch. 

ofan  Inch. 

of  SD  lodi. 

i^ 

■03125 

'    1 

■375 

li 

■6875 

■0625 

i    ^\ 

■40625 

\\^\ 

■71875 

As'j 

■09875 

V'a 

■4375 

J 

75 

■125 

/si.'. 

■46875 

1  ^\ 

■78126 

1  ^k 

■15625 

i 

■6 

H 

■8125 

■1875 

i   s's 

■58125 

II  3^1 

84375 

^^\ 

■21875 

■5625 

Y 

■875 

■25 

^33 

■59375 

I   jS 

■90625 

■s'j 

■28125 

1    S3 

•625 

6 

■9375 

■31 2S 

■65625 

}L^ 

•96875 

\{^\ 

■34375 

e first  column -^-^nveaiia-^-V  ^n  ^^TOwwaX^^ 
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Powers. 

"The  power  of  a  number  indicates  how  many  times  the  number 
to  be  multiplied  by  itself.     Thus,  2  to  the  fourth  power  means 
multiplied  by  itself  four  times. 

2x2x2x2  =  16. 
It  is  usually  written  with  a  small  numeral  at  the  top,  thus : 
^  3^f  means  three  to  the  second  power  or  3  squared. 
3',  "  "      third        "      or  3  cubed. 

3*,  "  "       fourth       "      etc. 

EsmnpU, — What  is  the  fifth  power  of  3  ?  • 

3x3x3x3x3=  243. 

Boots. 

A  root  is  the  reverse  of  a  power  \  thus  the  third  or  cube  root  of 
7  means  the  number  which,  multipled  by  itself  three  times, 
ould  give  a  product  of  27.  Roots  are  usually  written  with  the 
umber  of  which  a  root  is  to  be  extracted  under  the  radical  sign 
y,  with  a  small  numeral  indicating  which  root,  thus 

V^T728 
leans  the  cube  or  third  root  of  1728.     If  no  numeral  is  placed  in 
ae  radical,  the  second  or  square  root  is  meant. 

The  square  POOt  may  be  extracted  by  the  following  : 

Rule. — Separate  the  given  number  into  as  many  periods  as  pos^ 
ible,  beginning  at  the  right  by  placing  a  mark  between  the  second 
nd  third  digits,  the  fourth  and  fifth,  the  sixth  and  seventh,  etc.  If 
he  number  contains  a  decimal,  begin  at  the  decimal  point  instead 
f  at  the  right,  and  separate  as  before,  going  toward  the  left  for 
he  whole  number  and  toward  the  right  for  the  decimal. 

Find  the  greatest  square  contained  in  the  left-hand  period,  write 
he  root  of  it  at  the  right  of  the  number,  and  subtract  the  square 
rom  the  left-hand  period. 

Bring  down  the  next  period  to  the  right  of  the  remainder  for  a 
ew  dividend  and  double  the  root  already  io\\i\^  W  ^  Njtx^^cc^iv- 
r.    Find  bow  often  this  divisor  is  coutamed  m  \J^^  ^vMse^^ 
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elusive  of  the  right-haDd  figure,  and  write  the  quotient  as  the  i 
figure  of  the  root. 

Annex  the  last  root  figure  to  the  trial  divisor  for  the 
divisor,  which  multiply  by  the  last  root  figure  and  subtract 
product  from  the  dividend.    To  the  remainder  bring  down 
next  period  for  a  new  dividend. 

Continue  the  operation  until  all  of  the  periods  have  been  bra 
down. 

Note. — If  a  dividend  does  not  contain  its  corresponding  divisor,  a  c 
must  be  placed  in  the  root  and  also  at  the  right  of  the  trial  divisor ; 
•  bring  down  the  next  period  and  proceed  as  before.     When  there  is 
mainder  at  the  end  the  decimal  may  be  continued  by  adding  ciphers. 

Example, — 


1/15141.3025? 

1'51'41.30'25 1123.05— ^ng. 

1 

22151 
44 

741 
729 


243 


24605 


123025 
123025 


.    The  cube  op  third  root  of  a  number  may  be  extracted  b 
following 

Rule. — Separate  the  number  into  periods  the  same  as  in  s< 
root,  except  that  each  period  contains  three  instead  of  two  c 

Find  the  greatest  cube  in  the  first  period,  and  write  its  ro 
the  first  figure  in  the  required  root.  From  that  period  sul 
the  cube,  and  to  the  remainder  bring  down  the  next  perio* 
a  dividend. 

Multiply  the  square  of  the  root  figure  by  three  hundred 
*trial  divisor,  and  see  how  of^en  it  is  contained  in  the  dividend 

"'te  the  result  as  t\\e  i\^il\,  ^^^vt^  <i^  NXikfe  Ti^t. 
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iltiplying  the  root,  excepting  the  units  figure,  by  the  units  fig- 
e  and  add  the  square  of  the  last  figure  for  a  true  divisor. 
Multiply  the  true  divisor  by  the  last  figure  of  the  root,  subtract 
B  product  from  the  dividend  and  to  the  remainder  bring  down 
B  next  period  for  a  new  dividend. 

Multiply  the  square  of  the  root  figures  already  found  by  three 
mdred  for  a  new  trial  divisor  and  proceed  as  before  until  all  the 
riods  are  brought  down. 

^^OTE. — ^What  has  been  said  in  the  note  after  the  rule  for  extracting  square 
>t  applies  also  to  cube  root,  except  that  two  ciphers  must  be  placed  at  the 
lit  of  a  true  divisor,  instead  of  one,  when  it  is  not  contained  in  the  cor- 
ponding  dividend. 

Example, — 

l?''I22BT5:527235"? 

12g615.32r232|49.68 

64 

100  X  3  X  4'  =  4800  58615 
30  X  4  X  9  =  1080 

9'  =_81  53649 

•      5961 _ 

300  X  49*  =^  720300 

30  X  49  X  6  =     8820 

6'=         36 


4966327 


72915614374936 

300  X  iSB'  =  73804800 

30X496X8-     119040 

8^^=  64 


73923904 


591391232 


591391232 


The  raising  of  powers  and  extraction  of  roots  of  numbers  may 
J  performed  by  the  aid  of  logarithms  much  more  easily  than  by 
»mmon  rules  given  above.  An  explanation  of  the  use  of  loga- 
thms  will  be  found  further  on  in  this  chapter,  and  the  student 
ill  be  well  repaid  for  the  Jabor  required  to  ixxaaX.^x  >[)tvfc\j\\rj  ^^'^ 
f  which  he  will  derive  from  their  emplo^meul. 
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TABI.B 

HU1IBEB8  WaaUi  1  TO  CML 


m 


Nmaber. 

Squarau 

CulNL 

B^nnBooL 

Ot^WmL 

1 

1 

1 

1. 

1. 

2 

4 

8 

1^42  186 

1.2889  21 

3 

9 

27 

1.7280  M8 

1.4mm 

4 

16 

64 

2. 

L5874  0U 

•     6 

& 

125 

2.2860  68 

1.7099  m 

6 

86 

216 

&4494  897 

1.8171  206 

7 

49 

848 

2.6467  518 

L9129S1S 

8 

64 

512 

2L8284  271 

S. 

9 

81 

729 

a 

S.0600  8S7 

10 

1  00 

1  000 

ai622  777 

8.1544  347 

11 

1  21 

1  331 

3.8166  248 

8.2289  801 

12 

1  44 

1  728 

8.4641  016 

2.2^4  286 

13 

1  69 

2  197 

a6065  518 

2.8513  347 

14 

1  96 

2  744 

a7416  574 

2.4101  422 

15 

226 

8  875 

8.8729  838 

2.4662  121 

16 

256 

4096 

4. 

2.5198  421 

17 

2  89 

4  918 

41231  056 

2.5712  816 

18 

3  24 

5  832 

4.2426  407, 

2.6207  414 

19 

3  61 

6  859 

4.3585  98^ 

2.6684  016 

20 

4  00 

8  000 

4.4721  36 

2.7144  177 

21 

4  41 

9  261 

4.5825  757 

2.7589  243 

22 

4  84 

10  648 

4.6904  158 

2.8020  393 

^ 

5  29 

12  167 

4.7958  315 

2.8438  67    i 

24 

5  76 

13  824 

4.8989  795 

2.8844  991 

25 

6  25 

15  625 

5. 

2.9240  177  ■ 

26 

.     6  76 

17  576 

5.0990  195 

2.9224  96 

27 

7  29 

19  683 

6.1961  524 

3. 

28 

7  84 

21  952 

5.2915  026 

3.0365  889 

29 

8  41 

24  389 

5.3851  648 

3.0723  168 

30- 

9  00 

27  000 

6.4772  256 

3.1072  32a 

31 

9  61 

29  791 

5.5677  644 

3.1413  806 

32 

10  24 

32  768 

5.6568  542 

3.1748  021 

33 

10  89 

35  937 

5.7445  626 

3.2075  343 

34 

11  o6 

39  304 

5.8309  519 

3.2396  lis 

35 

12  25 

42  875 

5.9160  798 

3.2710  6t:3 

36 

J2  96 

46  656 

6. 

3.3019  272 

37 

13  69 

50  653 

6.0827  625 

3.3322  21 S 

38 

14  44 

54  872 

6.1644  14 

3.3619  7^ 

39 

15  21 

59  319 

6.2449  98 

3.3912  114 

40 

ie>  00 

64  000 

6.3245  553 

3.4199  519 

T6  81 

\       ^  ^1\ 

\     ^.^^J^VIASL 
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TABLE-(Cbfi«n««l) 

OF  8QUABEB)   CUBES,  AND  SQUABE  AND  CUBE  BOOTS,    ETC. 


I^Qmiber. 

Square. 

Cube. 

Square  Boot 

• 

Cube  Boot 

42 

17  64 

74  088 

6.4807  407 

3.4760  266 

43 

'  18  49 

79  507 

6.5574  385 

a 5033  981 

44 

19  36 

85  184 

6.6332  496 

3.5303  483 

45 

20  25 

91  125 

6.7082  Q39 

3.5568  933 

46 

21  16 

97  336 

6.7823  3 

3.5830  479 

47 

22  09 

103  823 

6.8556  546 

3.6088  261 

48 

23  04 

110  592 

6.9282  032 

3.6342  411 

49 

24  01 

117  649 

7. 

3.6593  057 

50 

25  00 

126  000 

7.0710  678 

3.6840  314 

61 

26  01 

132  651 

7.1414  284 

3.7084  298 

52 

27  04 

140  608 

7.2111  026 

3.7325  111 

53 

28  09 

148  877 

7.2801  099 

3.7562  858 

54 

29  16 

157  464 

7.3484  692 

3.7797  631 

55 

30  25 

166  375 

7.4161  985 

3.8029  525 

56 

31  36 

175  616 

7.4833  148 

3.8258  624 

57 

32  49 

185  193 

7.5498  344 

3.8485  Oil 

58 

33  64 

195  112 

7.6157  731 

3.8708  766 

59 

34  81 

205  379 

7.6811  467 

3.8929  965 

60 

36  00 

216  000 

7.7469  667 

3.9148  676 

61 

37  21 

226  981 

7.8102  497  • 

3.9364  972 

62 

38  44 

238  328 

7.8740  079 

3.9678  915 

63 

39  69 

250  047 

7.9372  539 

3.9790  571 

64 

40  96 

262  144 

8. 

4. 

65 

42  25 

274  625 

8.0622  577 

4.0207  256 

66 

43  66 

287  496 

8.1240  384 

4.0412  401 

67 

44  89 

300  763 

8.1853  628 

4.0616  48 

68 

46  24 

314  432 

8.2462  113 

4.0816  651 

69 

47  61 

328  509 

8.3066  239 

4.1015  661 

•  70 

49  00 

343  000 

8.3666  003 

4.1212  853 

71 

50  41 

357  911 

8.4261  498 

4.1408  178 

72 

51  84 

373  248 

8.4852  814 

4.1601  676 

73 

53  29 

389  017 

8.5440  037 

4.1793  39 

74 

64  76 

405  224 

8.6023  253 

4.1983  364 

75 

66  25 

421  875 

8.6602  54 

4.2171  633 

76 

57  76 

438  976 

8.7177  979 

4.2358  236 

77 

59  29 

466  633 

8.7749  644 

4.2643  21 

78 

60  84  • 

474  652 

8.8317  609 

4.2726  '586 

79 

62  41 

493  039 

8.8881  944 

4.2908  404 

80 

64  00 

612  000 

8.9442  719 

4.3088  696 

81 

65  61 

531  441 

9. 

4.3267  487 

82 

67  24 

651  368 

9.0553  851 

4.3444  816 

83 

68  89 

671  787 

9.1104  336 

4.3620  707 

/ 

i 

1 

\ 

\ 
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T  A  B  L  E— (Omttnued) 

OF  SqUABES,  CUBES,  AND  SQUABE  AND  CUBE  BOOTB^  ETC 


Number. 

Square. 

Cube. 

Square  Boot 

Cube  Boot 

84 

70  56 

592  704 

9.1651  514 

4.3796  191 

85 

72  25 

614  125 

9.2195  445 

4.3968  296 

86 

73  96 

636  056 

9.2736  185 

4.4140  049 

87 

75  69 

658  503 

9.3273  791 

4.4310  476 

88 

77  44 

681  472 

9.3808  315 

4.4479  602 

89 

79  21 

704  969 

9.4339  811 

4.4647  461 

90 

81  00 

729  000 

9.4868  33  . 

4.4814  047 

91 

82  81 

753  571 

9.5393  92 

4.4979  414 

92 

84  64 

778  688 

9.5916  63 

4.5143  674 

93 

86  49 

804  357 

9.6436  608 

4.5306  549 

94 

88  36 

830  584 

9.6953  597 

4.5468  369 

95 

90  25 

857  375 

9.7467  943 

4.5629  026 

96 

92  16 

884  736 

9.7979  69 

4.5788  57 

97 

94  09 

912  673 

9.8488  578 

4.5947  009 

98 

96  04 

941  192 

9.8994  949 

4.6104  363 

99 

98  01 

970  299 

9.9498  744 

4.6260  65 

100 

1  00  00 

1  000  000 

10. 

4.6415  888 

101 

1  02  01 

1  030  301 

10.0498  756 

4.6570  095 

102 

1  04  04 

1  061  208 

10.0995  049 

4.6723  287 

103 

1  06  09 

1  092  727 

10.1488  916 

4.6875  482 

104 

1  08  16 

1  124  864 

10.1980  39 

4.7026  694 

105 

1  10  25 

1  157  625 

10.2469  508 

4.7176  94 

106 

1  12  36 

1  191  016 

10.2956  301 

4.7326  235 

107 

1  14  49 

1  225  043 

10.3440  804 

4.7474  594 

108 

1  16  64 

1  259  712 

10.3923  048 

4.7622  032  ' 

109 

1  18  81 

1  295  029 

10.4403  065 

4.7768  662 

110 

1  21  00 

1  331  000 

10.4880  885 

4.7914  199 

111 

1  23  21 

1  367  631 

10.5356  538 

4.8058  995 

112 

1  25  44 

1  404  928 

10.5830  052 

4.8202  845  | 

113 

1  27  69 

1  442  897 

10.6301  458 

4.8345  881 

114 

1  29  96 

1  481  544 

10.6770  783 

4.8488  076  • 

115 

1  32  25 

1  520  875 

10.7238  053 

4.8629  442 

116 

1  34  56 

1  560  896 

10.7703  296 

4.«769  99 

117 

1  36  89 

1  001  013 

10.8166  53$ 

4.8909  732 

118 

1  39  24 

1  643  032 

10.8627  805 

4.9048  681  ; 

119 

1  41  61 

1  085  159 

10.9087  121 

4.9186  847  1 

120 

1  44  00 

1  728  000 

10.9544  512 

4.9324  242 

121 

1  46  41 

1  771  501 

11. 

4.9460  874 

122 

1  48  34 

1  815  848 

11.0453  61 

4.9596  757 

123 

1  51  29 

1  800  807 

11.0905  365 

4.9731  898  ! 

124 

1  53  76 

1  906  024 

11.1355  287 

4.9866  31 

125 

1  50  25 

\     \  ^o'i  Ylh 

V  \\.\%QS  S99 
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TABLE-(Om»«i«i«* 
or  squAREB,  CUBES,  and  equABii  AHi>  cu 


5  BOOTB,   BIO, 


Number 

Sq«.re. 

CuW 

8qu»«R00t. 

Cub.  Boot, 

126 

1  58  76 

2  000  376 

11.2249  722 

5.0132  979 

127 

1  61  29 

2  048  333 

11.2694  277 

6.0265  257 

128 

1  63  84 

2  097  162 

11.3137  085 

5.0396  842 

129 

1  66  41 

2  146  689 

11.3578  167 

5.0527  743 

130 

]  69  00 

2  197  000  ' 

11.4017  543 

5.0657  97 

131 

1  71  61 

2  248  091 

11.4455  231 

5.0787  531 

132 

1  74  24 

2  299  968 

11.4891  253 

5.0916  434 

133 

1  76  89 

2  352  037 

11.5326  626 

6.1044  687 

134 

1  79  66 

2  406  101 

11.5758  369 

5.1172  296 

laa 

I  82  25 

2  460  375 

11.6169  6 

6.1299  278 

136 

1  84  96 

2  515  456 

11.6619  038 

5,1425  632 

137 

1  87  69 

2  571  353 

11.7046  999 

5.1551  367 

138 

1  90  44 

2  628  072 

11.7473  401 

6.1676  493 

189 

]  93  21 

2  686  619 

11.7898  261 

5.1801  015   . 

140 

1  96  00 

2  744  000 

11.8321  596 

5.1924  941 

141 

1  98  81 

2  803  221 

11.8743  421 

5.2048  279 

142 

2  01  64 

2  863  288 

11.9163  753 

6.2171  034 

143 

2  04  49 

2  924  207 

5.2293  215 

144 

2  07  36 

2  985  984 

la 

5.2114  828 

145 

2  10  25 

3  048  625 

12.0415  946 

5.2536  879 

146 

2  13  16 

3  112  136 

12.0830  46 

6.2656  374 

147 

2  16  09 

3  176  523 

12.1243  657 

5.2776  321 

148 

2  19  04 

3  241  792 

12.1655  251 

6.28S6  725 

149 

2  22  01 

3  307  949 

12.2065  666 

5.3014  692 

150 

2  26  00 

3  375  000 

12.2474  487 

6.3132  928 

151 

2  28  01 

3  442  951 

12.2882  057 

6.8250  74 

152 

2  31  04 

3  511  008 

12.3288  28 

5.3368  033 
6.3484  812 

153 

2  34  09 

3  681  577 

12.3693  169 

154 

2  37  16 

3  .652  264 

12.4096  736 

5.3601  084 

155 

2  40  25 

3  723  875 

12.4498  996 

6.3716  854 

15a 

2  43  36 

3  796  413 

12.4899  96 

5.3832  126 

157 

2  46  49 

3  869  693 

12.5299  641 

6.3946  907 

158 

2  49  64 

3  944  312 

12.5698  051 

6.4061  202 

159 

2  52  81 

4  019  679 

12.6095  202 

5.4176  015 

160 

2  59  00 

4  096  000 

12.6491  106 

6.4288  352 

161 

2  59  21 

4  173  281 

12.6886  775 

5.4401  218 

162 

2  62  44 

4  251  628 

12.7279  221 

6.4513  618 

163 

2  65  69 

4  330  747 

12.7671  453 

5.4626  566 

164 

2  68  96 

4  410  944 

12.8062  485 

5.4737  037 

165 

2  72  25 

4  492  12.5 

12.8462  326 

5.4848  066 

166 

2  75  56 

4  674  296 

12.8840  987 

6.4968  647 

167 

2  78  89 

4  057  463 

12.9228  48 

5.5068  ISA 

\            \ 
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Nambar. 

Squmre. 

Cbe. 

OqmnBaot. 

CubeRouL 

168 

2  82  24 

4  741  632 

12.9614  814 

6.5178  4M 

1G9 

2  85  61 

4  828  309 

13. 

6.6287  748 

170 

2  89  00 

4  913  000 

13.0384  048 

6.6396  SSI 

171 

2  92  4I< 

6  000  211 

13.0768  988 

6.56U4  991 

172 

2  95  84. 

6  088  448 

18.1148  77 

5.5612  m 

173 

299  29 

5  177  717 

18.1629  464 

6.5720  64t 

174 

3  02  76 

6288  024 

13.1909  06 

6.6827  708 

175 

306  26 

6  859  375 

18.2387  668 

6.6934  447 

176 

3  09  76 

5  451  776 

13.2664  992 

5.6040  787 

177 

3  13  29 

6  546  233 

13.3041  347 

6.6146  724 

178 

3  16  84 

5  839  762 

ia3418  841 

5.6262  283 

179 

3  20  41 

6  735  339 

13.3790  882 

6.6357  408 

180 

3  24  00 

5  832  000 

13.4164  079 

6.6462  162 

181 

3  27  61 

6  929  741 

13.4538  24 

6.6586  5SS 

182 

3  31  24 

6  028  668 

18.4907  376 

S.6670  611 

183 

3  34  89 

6  128  487 

13.6377  493 

6.6774  114 

164 

3  38  58 

6  229  504 

13..5846  6 

6.6877  34 

186 

3  42  2o 

6  331  625 

18.6014  706 

6.6980  192 

188 

3  46  96 

6  434  866 

18.6381  817 

6.7082  876 

187 

8  40  69 

6  539  203 

13.6747  943 

6.7184  791 

188 

3  53  44 

8  644  672 

13.7113  092 

5.7286  543 

189 

3  57  21 

6  751  269 

13.7477  271 

6.7387  936 

190 

3  81  00 

6  859  000 

13.7840  488 

6.7488  971 

191 

3  (54  81 

.  8  967  871 

13.8202  75 

5.7589  6.^2 

192 

3  ay  64 

7  077  888 

13.8564  086 

6.7689  932  : 

193 

3  72  49 

7  189  057 

13.8924  4 

5.7789  966  1 

194 

3  70  36 

7  301  384 

13.9283  883 

6.7689  604  , 

195 

3  80  25 

7  414  875 

13.9642  4 

6.7988  9 

198 

3  84  16 

7  629  536 

14. 

5.8087  eS7  1 

197 

■  3. 88  09 

7  645  373 

14.0356  688 

6.8186  479 

198 

3  92  04 

7  762  392 

14.0712  473 

5.8284  867  [ 

199 

3  06  01 

7  880  599 

14.1067  38 

6.8382  725 

200 

4  01)  00 

8  000  000 

14.1421  3.56 

5.8480*55 

201 

4  04  01 

8  190  601 

14.1774  489 

6.8577  66    1 

202 

4  OS  04 

8  242  408 

14.2126  704 

*  5.8674  673  ' 

203 

4  12  09 

8  3fio  427 

14.2478  088 

5.8771  307  1 

204 

4  16  16 

8  489  664 

14.2828  669 

6.8867  653  1 

2a5 

4  20  25 

8  615  126 

14.3178  211 

53963  68-5  ; 

20G 

4  24  36 

8  741  816 

14.3627  001 

5.9059  406 

207 

4  28  49 

8  889  743 

14.3874  946 

6.9164  817 

208 

4  32  64 

8  998  912 

14.4222  051 

5.9249  921  ' 

U. 

4  3fi  81 

9  vm  Zl^ 

\   \4.4fAft  323 

^  6.9344  721 
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T  A  B  L  B  -  (OnMwal) 

JBES,    AND    SQUABE   AND   COBB   ROOTS,    BEa 


Nun.  her. 

S„„ar.. 

c.».. 

SquawRiwL 

cube  Boot 

210 

4  41  00 

9  261  000 

14.4913  767 

5.9439  22 

2U 

4  45  21 

9  393  931 

14.5258  39 

5.9533  418 

212 

4  49  44 

9  528  128 

14.5602  198 

5.9627  32 

213 

4  53  69  ■ 

9  663  597 

14.5945  195 

5.9720  926 

21-1 

4  57  96 

9  800  344 

14.6287  388 

5.9814  24 

215 

4  62  25 

9  938  375 

14.6628  783 

5.9907  264 

2ie 

4  66  56 

10  077  696 

14.6969  385 

6. 

217 

4  70  89 

10  218  313 

I''-.7a09  199 

6.0092  46 

218 

4  75  24 

10  360  232 

1.L7648  231 

6.0184  617 

219 

4  79  61 

10  503  459 

14.7986  486 

6.0276  602 

220 

4  84  00 

10  648  000 

14.8323  97 

6.0368  107 

221 

4  88  41 

10  793  S61 

14.8660  687 

6.0450  435 

222 

4  92  84 

10  341  048 

14.8996  644 

6.0550  489 

223 

4  97  29 

11  089  567 

14,9331  845 

6.0641 .27 

224 

5  01  76 

11  239  424 

14.9666  295 

6.0731  779 

225 

5  06  25 

n  390  625 

15. 

6,0822  02 

226 

6  10  76 

11  543  176 

15.0333  064 

6.0911  994 

227 

5  15  29 

U  697  083 

15.0666  102 

6.1001  702 

223 

5  19  84 

11  852  352 

15.0096  689 

6.1091  147 

229 

5  24  41 

12  008  989 

15.1327  46 

6.1180  332 

230 

5  29  00 

12  167  000 

15.1657  609 

6.1269  257 

231 

5  33  61 

12  326  391 

15.1986  842 

6.1357  924 

232 

5  38  24 

12  487  168 

15.2315  462 

6.1446  337 

5  42  89 

12  649  337 

15.2643  375 

6.1534  495 

234 

Q  47  56 

12  812  904 

15.2970  585 

6.1623  401 

235 

5  52  25 

12  977  875 

15.3297  097 

6.1710  058 

236 

5  56  96 

13  144  256 

15.3622  915 

6.17B7  465 

237 

5  61  69 

13  312  053 

15.3948  043 

6.1S84  628 

238 

0  66  44 

13  481  272 

16.4272  486 

6.1971  644 

239 

6  71  21 

13  651  919 

15.4596  248 

6.2058  218 

240 

5  76  00 

13  824  000 

15.4919  334 

6.2144  65 

241 

5  80  81 

13  997  521 

16,5241  747 

6.2230  843 

242 

5  85  64 

14  172  488 

15.5563  492 

6.2316  797 

243 

'5  90  49 

14  348  907 

15.6884  573 

6.2402  515 

244 

5  95  36 

14  528  784 

15.6204  994 

6.2487  998 

245 

e  00  25 

14  706  125 

15.6524  758 

6.2573  248 

24e 

6  05  16 

15.6843  871 

6.2658  266 

247 

6  10  09 

IS  069  223 

15.7162  .S36 

6.2743  064 

248 

6  15  04 

15  252  992 

15.7480  157 

6.2827  613 

249 

6  20  01 

15  438  249 

1.5.7797  338 

6.2911  946 

230 

■6  25  00 

15  625  000 

15.8113  883 

6.2996  053 

251 

6  30  01 

15  613  251 

15.8429  79P 

6.3(na  *?fc 

\ 
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TABIiB-(fliiimmii) 

OF  SqUABB^  OUBS^  ASB  S^VABS  AMD 


Mimber. 

Squue. 

Cobe. 

SqwnBtootb 

CoteBMt 

252 

635  04 

16  008  006 

15^45  079 

6.8168  m 

253 

640  09 

16  194  277 

15iK)G9  787 

63247  OK 

254 

.6  45  16 

16*387  064 

ibjmt  775 

6.8880  266 

255 

650  25 

16  581  375 

15M87194 

6.8418  887 

256 

655  36 

16  777  216 

16. 

6.8486  Offi 

257 

6  60  49 

16  974  598 

16.0812  195 

6.8678  611 

258 

665  64 

17  173  512 

16.0628  784 

6.8660  968 

259 

6  70  81 

17  373  979 

16.0934  769 

6.8743  m 

260 

6  76  00 

17  576  000 

16a245  155 

6.8825  OIS 

261 

6  81  21 

%7  779  581 

16.1554  944 

6.8906  766 

262 

686  44 

17  984  728 

16.1864  141 

6.8968  279 

263 

6  91  69 

18  191  447 

16.2172  747 

6.4069  585 

264 

«  96  96 

18  399  744 

16.2480  768 

6.4150  687 

265 

7  02  25 

18  609  625 

16.2788  206 

6.4281  688 

266 

7  07  56 

18  821  096 

16.8095  064 

6.4812  276 

267 

7  12  89 

19  034  163 

16.8401  846 

6.4892  767 

268 

7  18  24 

19  248  832 

16.8707  055 

6.4473  067 

269 

7  23  61 

19  465  109 

16.4012  195 

6.4558  148 

270 

7  29  00 

19  683  000 

16.4316  767 

6.4688  041 

271 

7  34  41 

19  902  511 

16.4620  776* 

6.4712  736 

272 

7  39  84 

20  123  648 

16.4924  225 

6.4792  236 

273 

7  45  29 

20  346  417 

16.5227  116 

6.4871  541 

274 

7  50  76 

20  570  824 

16.5529  454 

6.4950  653 

275 

7  56  25 

•  20  796  875 

16.5831  24 

6.5029  672 

276 

7  61  76 

21  024  576 

16.6132  477 

6.5108  3 

277 

7  67  29 

21  253  933 

16.6433  17 

6.5186  839 

278 

7  72  84 

21  484  952 

16.6783  32 

6.5265  189 

279 

7  78  41 

21  717  639 

16.7032  931 

6.5343  351 

280 

7  84  00 

21  952  000 

16.7332  005 

6.5421  326 

281 

7  89  61 

22  188  041 

16.7630  546 

6.5499  116 

282 

7  95  24 

22  425  768 

16.7928  556 

6.5676  722 

283 

8  00  89 

22  665  187 

16.8226  038 

6.5654  144 

284 

8  06  56 

22  906  304 

16.8522  995 

6.5731  385 

285 

8  12  25 

23  149  125 

16.8819  43 

6.5808  443 

286 

8  17  96 

23  393  656 

16.9116  345 

6.5886  323 

287 

8  23  69 

23  639  903 

16.9410  743 

6.5962  023 

288 

8  29  44 

23  887  872 

16.9706  627 

6.6038  646 

289 

8  35  21 

24  137  569 

17. 

6.6114  89 

290 

8  41  00 

24  389  000 

17.0293  864 

6.6191  06 

291 

8  46  81 

24  642  171 

17.0587  221 

6.6267  064 

292 

8  52  64 

24  897  088 

17.0880  075 

6;6342  874 

293    1 

8  58  49 

25  15^  151 

y  \1  Wia  4^ 

6.6418  522 
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T  A  B  L  E  —  (Cbn«nM«r) 
OF  SQUARE?,   CUBES,  AND  SQUABE   AND  CUBE  BOOTS,   ETC. 


Number. 

Square. 

Cube. 

Square  Boo^. 

Cube  Boot. 

294 

8  64  36 

25  412  184 

17.1464  282 

6.6493  998 

295 

8  70  25 

25  672  375 

17.1755  64 

6.6569  302 

296 

8  76  16 

25  934  336 

17.2046  505 

6.6644  437 

297 

8  82  09 

26  198  073 

17.2336  879 

6.6719  403 

298 

8  88  04 

26  463  592 

17.2626  765 

6.6794  2 

299 

8  94  01 

26  730  899 

17.2916  165 

6.6868  831 

300 

9  00  00 

27  000  000 

17.3205  081 

6.6943  295 

301 

9  06  01 

27  270  901 

17.3493  516 

6.7017  593 

302 

9  12  04 

27  543  608 

17.3781  472 

6.7091  729 

303 

9  18  09 

27  818  127 

17.4068  952 

6.7165  7 

304 

9  24  16 

28  094  464 

17.4355  958 

6.7239  508 

305 

9  30  25 

28  372  625 

17.4642  492 

6.7313  155 

306 

9  36  36 

28  652  616 

17.4928  557 

6.7386  641 

307 

9  42  49 

28  934  443 

17.5214  155 

6.7459  967 

308 

9  48  64 

29  218  112 

•  17.5499  288 

6.7533  134 

309 

9  54  81 

29  503  609 

17.5783  958 

6.7606  143 

310 

9  61  00 

29  791  000 

17.6068  169 

6.7678  995 

311 

9  67  21 

30  080  231 

17.6151  921 

6.7751  69 

312 

9  73  44 

30  371  328 

17.6635  217 

6.7824  229 

313 

9  79  69 

30  664  297 

17.6918  06 

6.7896  613 

314 

9  85  96 

30  959  144 

17.7200  451 

6.7968  ^44 

315 

9  92  25 

31  255  875 

17.7482  393 

6.8040  921 

316 

9  98  56 

31  554  496 

17.7763  888 

6.8112  847 

317 

10'  04  89 

31  855  013 

17.8044  938 

6.8184  62 

318 

10  11  24 

32  157  432 

17.8325  545 

6.8256  242 

319 

10  17  61 

32  461  759 

17.8605  711 

6.8327  714 

320 

10  24  00 

32  768  000 

17.8885  438 

6.8399  037 

321 

10  30  41 

33  076  161 

17.9164  729 

6.8470  213 

322 

10  36  84 

33  386  248 

17.9443  584 

6.8541  24 

323 

10  43  29 

33  698  267 

17.9722  008 

6.8612  12 

324 

10  49  76 

34  012  224 

18. 

6.8682  855 

325 

10  56  25 

34  328  125 

18.0277  564 

6.8753  433 

326 

10  62  76 

34  645  976 

18.0554  701 

6.8823  888 

327 

10  69  29 

34  965  783 

18.0831  413 

6.8894  188 

328 

10  75  84 

35  287  552 

18.1107  703 

6.8964  345 

329 

10  82  41 

35  611  289 

18.1383  571 

6.9034  359 

330 

10  89  00 

35  937  000 

18.1659  021 

6.9104  232 

331 

10  95  61 

36  264  691 

18.1934  054 

6.9173  964 

332 

11  02  24 

36  594  368 

18.2208  672 

6.9243  556 

333 

11  08  89 

36  926  037 

18.2482  876 

6.9313  088 

334 

11  15  56 

37  259  704 

18.2756  669 

6.9382  321 

335 

11  22  25 

37  595  375 

18.3030  052 

6.9451  496 

\ 
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T  A  B  L.  fi  -  ( OmthmeO^ 
or  SQUARES,   C7UBES,   AND  SQUABE  AND  CUBE  BOOTS,  ETC. 


Kiimber. 

Square. 

Cube. 

Square  Boot. 

Cube  Boot 

336 

11  28  96 

37  933  056 

18.3303  028 

6.9520  533 

337 

11  35  69 

38  272  753 

18.3575  598 

6.9589  434 

338 

11  42  44 

38  614  472 

18.3847  763 

6.9658  198 

339 

11  49  21 

38  958  219 

18.4119  626 

6.9726  826 

340 

11  56  00 

39  304  000 

18.4390  889 

6.9795  321 

341 

11  62  81 

39  651  821 

18.4661  853 

6.9863  681 

342 

11  69  64 

40  001  688 

18.4932  42 

6.9931  906 

343 

11  76  49 

40  353  607 

18.5202  592 

7. 

344 

11  83  36 

40  707  584 

18.5472  37 

7.0067  962 

345 

11  90  25 

41  063  625 

18.5741  756 

7.0135  791 

346 

11  97  16 

41  421  736 

18.6010  752 

7.0203  49 

347 

12  04  09 

41  781  923 

18.6279  36 

7.0271  058 

348 

12  11  04 

42  144  192 

18.6547  581 

7.0338  497 

349 

12  18  01 

42  508  549 

18.6815  417 

7.0405  806 

350 

12  25  00 

42  875  000 

18.7082  869 

7.0472  987 

351 

12  32  01 

43  243  551 

18.7349  94 

7.0540  041 

352 

12  39  04 

43  614  208 

18.7616  63 

7.0606  967 

353 

12  46  09 

43  986  977 

18.7882  942 

7.0673  767 

354 

12  53  16 

44  361  864 

18.8148  877 

7.0740  44 

355 

12  60  25 

44  738  875 

18.8414  437 

7.0806  988 

356 

12  67  36 

45  118  016 

18.8679  623 

7.0873  411 

357 

12  74  49 

45  499  293 

18.8944  436 

7.0939  709 

358 

12  81  64 

45  882  712 

18.9208  879 

7.1005  %%o 

359 

12  88  81 

46  268  279 

18.9472  953 

7.1071  937 

360 

12  96  00 

46  656  000 

18.9736  m 

7.1137  m^ 

361 

13  03  21 

47  045  831 

19. 

7.1203  674 

362 

13  10  44 

47  437  928 

19.0262  976 

7.1269  36 

363 

13  17  69 

47  832  147 

19.0525  589 

7.1334  925 

364 

13  24  96 

48  228  544 

19.0787  84 

7.1400  37 

365 

13  32  25 

48  627  125 

19.1049  732 

7.1465  695 

366 

13  39  56 

49  027  896 

19.1311  265 

7.1530  901 

867 

13  46  89 

49  430  863 

19.1572  441 

7.1595  988 

368 

13  54  24 

49  836  032 

19.1833  261 

7.1660  957 

369 

13  61  61 

50  243  409 

19.2093  727 

7.1725  809 

370 

13  69  00 

50  653  000 

19.2353  841 

7.1790  544 

371 

13  76  41 

51  064  811 

19.2613  603 

7.1855  161' 

372 

13  83  84 

51  478  848 

19.2873  015 

7.1919  663 

373 

13  91  29 

51  895  117 

19«il32  079 

7.1984  05 

374 

13  98  76 

52  313  624 

19.3390  796 

7.2048  322 

375 

14  06  25 

52  734  375 

19.3649  167 

7.2112  47l> 

37() 

14  13  76 

53  157  376 

19.3907  194 

7.2176  522 

r" 

14  21  29 

53  582  633 

^  19.4134  878 

7.2240  45 
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T  A  B  Li  E— (Cbn«»M«l) 

OF  SQUARES,  CUBES,  AND  SQUARE  AND  CUBE  ROOTS,  ETC. 


Number. 


378 

379 

380 

381 

382 

383 

384 

385 

386 

387 

388 

389 

390 

391 

392 

893 

394 

395 

396 

397 

398 

399 

400 

401 

402 

403 

404 

405 

406 

407 

408 

409 

410 

411 

412  i 

413 

414 

415 

416 

417 

418 

419 


Sqnure. 


14  28  84 
14  36  41 
14  44  00 
14  51  61 
14  59  24 
14  66  89 
14  74  56 
14  82  25 
14  89  96 

14  97  69 

15  05  44 
15  13  21 
15  21  00 
15  28  81 
15  36  64 
15  44  49 
15  52  36 
15  60  25 
15  68  16 
15  76  09 
15  84  04 

15  92  01 

16  00  00 
16  08  01 
16  16  04 
16  24  09 
16  32  16 
16  40  25 
16  48  36 
16  56  49 
16  64  64 
16  72  81 
16  81  00 
16  89  21 

16  97  44 

17  05  69 
17  13  96 
17  22  25 
17  30  56 
17  38  89 
17  47  24 
17  55  61 


Ciibe. 


54  010  152 
54  439  939 

54  872  000 

55  306  341 

55  742  968 

56  181  887 

56  623  104 

57  066  625 
57  512  456 

57  960  603 

58  411  072 

58  863  869 

59  319  000 

59  776  471 

60  236  288 

60  698  457 

61  162  984 

61  629  875 

62  099  136 

62  570  773 

63  044  792 

63  521  199 

64  000  000 
64  481  201 

64  964  808 

65  450  827 

65  939  264 

66  430  125 

66  923  416 

67  419  143 

67  917  312 

68  417  929 

68  921  000 

69  426  531 

69  934  528 

70  444  997 

70  957  944 

71  473  375 

71  991  296 

72  511  713 

73  034  632 
73  560  059 


Square  Boot. 


19.4422  221 
19.4679  223 
19.4935  887 
19.5192  213 
19.5448  203 
19.5703  858 
19.5959  179 
19.6214  169 
19.6468  827 
19.6723  156 
19.6977  156 
19.7230  829 
19.7484  177 
19.7737  199 
19.7989  899 
19.8242  276 
19.8494  332 
19.8746  069 
19.8997  487 
19.9248  588 
19.9499  373 
19.9749  844 
20. 

20.0249  844 
20.0499  377 
20.0748  599 
20.0997  512 
20.1246  118 
20.1494  417 
20.1742  41 
20.1990  099 
20.2237  484 
20.2484  567 
20.2731  349 
20.2977  831 
20.3224  014 
20.3469  899 
20.3715  488 
20.3960  781 
20.4205  779 
20.4450  483 
20.4694  895 


Cube  Booi. 


7.2304 
7.2367 
7.2431 
7.2495 
7.2558 
7.2621 
7.2684 
7.2747 
7.2810 
7.2873 
7.2936 
7.2998 
7.3061 
7.3123 
7.3186 
7.3248 
7.3310 
7.3372 
7.3434 
7.3495 
7.3557 
7.3619 
7.3680 
7.3741 
7.3803 
7.3864 
7.3925 
7.3986 
7.4047 
7.4107 
7.4168 
7.4229 
7.4289 
7.4349 
7.4410 
7.4470 
7.4530 
7.4590 
7.4650 
7.4709 
7.4769 
7.4829 


268 

972 

565 

045 

415 

675 

824 

864 

794 

617 

33 

936 

436 

828 

114 

295 

369 

339 

205 

966 

624 

178 

63 

979 

227 

373 

418 

363 

206 

95 

595 

142 

589 

938 

189 

342 

399 

359 

223 

991 

664 

242 
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THE    ENSrSEEH 


BAKDY-BOOE. 


TABLE-(Qrti«i«inI) 

OF  BQOAlt^   0DBE8,   AND  StlDASE   AND  CUBE   BOOTB,  & 


Nimbir. 

S,««e. 

Cabe. 

Sqiinre  KouL 

CubeBsot. 

420 

17  64  00 

74  088  000 

20.4939  015 

7.4888  7U 

421 

17  73  41 

74  618  461 

20.5182  845 

7.4948  113 

422 

17  80  84 

75  161  448 

20.5426  386 

7.5007  406 

423 

17  89  29 

75  686  967 

20.5660  638 

7.5066  607 

424 

17  97  7fl 

76  226  024 

20.5912  603 

7.5125  715 

425 

1!J  Oti  26 

76  763  626 

20.6155  281 

7.6184  73 

428 

18  14  76 

77  308  '■?« 

20.6397  674 

7.5243  65! 

427 

18  23  29 

77  864  -^o 

20.6639  783 

7.5302  482 

42S 

18  31  84 

78  402  752 

20.6881  609 

7.5361  221 

42S 

18  40  41 

78  953  589 

20.7123  162 

7.6419  867 

430 

18  4B  00 

79  507  000 

20.7364  414 

7.6478  m 

431 

18  67  61 

SO  062  991 

20.7606  395 

7.6536  383 

432 

18  66  24 

80  621  568 

20.7846  097 

7.6695  263 

433 

18  74  89 

81  182  737 

20.8086  52 

7.6663  548 

434 

18  83  56 

81  740  604 

20.8326  667 

7,5711  743 

436 

18  92  25 

82  312  875 

20.8566  536 

7.6769  849 

43G 

19  00  96 

82  881  856 

20.8806  13 

7.5827  86S 

437 

IB  09  6B 

83  453  463 

20.9045  45 

7.5886  783 

438 

19  18  44 

84  027  672 

20.9284  495 

7.6943  683 

439 

19  27  21 

84  604  519 

20.9523  268 

7.6001  385 

44U 

19  36  00 

86  184  000 

20.9761-  77 

7.6059  04B 

441 

19  44  81 

85  766  121 

21. 

7.6116  626 

442 

19  53  64 

86  350  888 

21.0237  90 

7.61T4  116 

443 

19  62  49 

86  938  307 

21.0476  662 

7.6231  519 

144 

19  71  36 

87  528  384 

21.0713  076 

7.6288  837 

445 

19  8U  25 

88  121  125 

21.0950  231 

7.6346  067 

446 

19  89  16 

88  716  536 

21.1187  121 

7.6403  213 

447 

19  98  09 

89  314  623 

21.1423  745 

7.8460  272 

448 

20  07  04 

8B  915  392 

21.1660  105 

7.6517  247 

449 

20  16  01 

90  518  849 

21.1896  201 

7.6574  138 

450 

20  25  00 

91  125  000 

21.2132  034 

7.6630  S43 

451 

20  34  01 

91  733  851 

21.2387  606 

7.6687  665 

452 

20  43  04 

n  345  408 

21.2002  916 

7.6744  303 

453 

20  52  09 

92  959  677 

21.2837  967 

7.6800  867 

464 

20  61  16 

93  676  664 

21.3072  758 

7.6867  328 

455 

20  70  25 

94  196  376 

21.3307  29 

7.6913  717 

456 

20  79  36 

94  818  816 

21.3541  565 

7.0970  023 

457 

20  88  49 

96  443  993 

21.3775  5S3 

7.7026  346 

458 

20  97  64 

96  071  912 

21,4009  346 

7.7082  388 

459 

21  06  81 

96  702  579 

21.4242  853 

7.7138  448 

460 

21  16  00 

97  336  000 

21.4476  106 

7.7194  428 

461 

21  25  21 

»7  972  181 

21.4709  106 

7.7250  326 

THE    ENGIKEEr'S    HANDY-BOOK. 
TABLE-tOwttwual) 

or  BClDAItES,  CUBES,  AND  gllVAIlE  AHD  CUBE  ROOIS,   EKL 


K..I,, 

SquBie. 

cube. 

Squire  Rooi. 

rube  Boot 

462 

21  34  44 

98  611  128 

21.4941  853 

7.7306  141 

463 

21  43  69 

99  252  847 

21.5174  348 

7.7361  877 

464 

21  52  96 

99  897  344 

21.5406  592 

7.7417  532 

465 

21  62  25 

100  544  625 

21.5838  587 

7.7473  109 

466 

21  71  56 

lOI  194  696 

21.5870  331 

7.7528  606 

467 

21  80  S9 

101  847  563 

21.6101  823 

7.7584  023 

46S 

21  90  24 

102  503  232 

21.6333  077 

7.7639  861 

46B 

21  99  61 

103  161  709 

21.6564  078 

7.7694  62 

470 

22  09  00 

103  823  000 

21.6794  834 

7.7749  801 

471 

23  18  41 

104  487  111 

21.7025  344 

7.7804  904 

472 

22  27  S4 

105  154  048 

31.7356  91 

7.7859  928 

473 

22  37  29 

105  823  817 

21.7485  632 

7.7914  875 

474 

23  46  76 

106  496  424 

21.7715  411 

7.7969  745 

475 

22  56  25 

107  171  876 

■  21.7944  947 

7.8024  538 

476. 

23  65  76 

107  850  176 

21.8174  242 

7.8079  254 

477 

22  75  29 

108  531  333 

21.8403  397 

7.8133  892 

478 

22  84  84 

109  215  352 

21.8632  111 

7.8188  456 

479 

23  94  41 

109  902  239 

21.8860  686 

7.8242  942 

480 

23  04  00 

110  592  000 

21.9089  023 

7.8297  353 

461 

23  18  6i 

111  284  641 

21.9317  122 

7.8351  688 

482 

23  23  34 

111  980  168 

21.9544  984 

7.8405  949 

483 

23  32  89 

112  678  587 

21.9773  61 

7.8460  134 

484 

33  42  56 

113  379  904 

22. 

7.8514  244 

485 

23  62  25 

114  084  125 

22.0227  155 

7.8668  281 

486 

33  61  96 

114  791  258 

22.0454  077 

7.8622  242 

487" 

23  71  69 

115  501  303 

22.0680  765 

7.8676  13 

488 

33  81  44 

110  214  272 

22.0907  22 

7.8729  944 

489 

23  gi  21 

116  930  169 

22.1133  444 

7.8783  684 

490 

34  01  00 

117  6'19  000 

22.1369  436 

7.8837  352 

491 

24  10  81 

118  370  771 

32.1535  198 

7.8890  946 

492 

24  20  64 

119  095  488 

22.1810  73 

7-8944  468 

493 

24  30  49 

119  823  157 

22.2036  033 

7.8997  917 

494 

24  40  36 

120  553  784 

32.3261  108 

7.Q05I  294 

495 

24  50  25 

121  287  375 

22.2485  955 

7.9104  599 

49e 

34  60  16 

122  023  936 

22.2710  575 

7.9157  832 

497 

24  70  09 

122  763  473 

22.2934  968 

7.9210  994 

498 

34  80  04 

123  605  992 

22.3159  136 

7.9264  085 

499 

24  90  01 

124  251  499 

22.3383  079 

7.9317  104 

600 

35  00  00 

125  OOO  000 

22.3606  798 

7.9370  053 

eoi 

25  10  01 

126  751  501 

22.3830  293 

7.9422  931 

602 

3.5  20  04 

126  506  008 

22.4053  565 

7.9475  739 

603 

25  30  09 

127  263  527 

22.4276  615 

7.9628  477 

i 

r. 
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T  A  B  L  E  -  (Q»«nu«i) 

lUABEfi,    CTBBS,    AHD  SftDABE   ASD   CtIBB   BOOTa,   ETC. 


Nnfflber 

Sqaaro. 

Cub.. 

Squa^Koo. 

CuIkK™*, 

504 

26  40  IB 

128  024  064 

2^4499  443 

7.9581  H4 

505 

25  50  25 

128  787  625 

22.4722  051 

7.9633  74S 

50G 

26  60  36 

129  564  246 

22.4944  438 

7.9686  271 

507 

25  70  49 

130  323  843 

22.6166  606 

7.973S  731 

SOS 

26  30  04 

131  096  61 S 

22.6S88  563 

7.9791  129 

609 

25  90  81 

131  872  229 

22.6610  383 

7.9643  tU 

CIO 

26  01  00 

22.5831  790 

7.9895  697 

fill 

26  n  21 

22.6053  091 

7.9947  883 

612 

26  21  41 

134  217 

22.6274  17 

8. 

613 

26  31  69 

135  0O5 

22.6495  033 

8.0052  049 

614 

26  41  96 

135  796  (« 

22,6715  681 

8.0104  031 

515 

26  52  26 

136  590  875 

■  22.6936  114 

8.0165  946 

616 

26  62  56 

137  388  096 

22.7156  334 

8.0207  794 

517 

26  72  89 

138  l»g  413 

22.7376  340 

8.0269  674 

518 

138  991  832 

22.7696  134 

8.0311  287 

510 

2fi  93  61 

139  798  359 

22.7815  715 

8.0362  935 

620 

2T  (H  00 

140  608  000 

22.8035  085 

8.0414  616 

521 

27  14  41 

141  420  761 

22.8254  244 

8.0466  03 

27  24  84 

142  236  MS 

22.8473  193 

8.0517  47B 

62S 

27  35  29 

143  055  667 

22.8691  933 

8.056S  8S2 

524 

27  45  76 

143  877  824 

22.8910  403 

8.0B20  18 

525 

27  50  25 

144  703  125 

22.9128  785 

8.0671  432 

626 

27  66  76 

14.5  531  676 

22.9346  899 

8.0722  62 

527 

27  77  29 

146  363  183 

22.9564  806 

8.0773  74S 

628 

27  87  84 

147' 197  952 

22.9782  606 

8.0824  8 

629 

27  98  41 

148  035  889 

23. 

8.0876  794 

630 

28  09  00 

148  877  OOO 

23,0217  289 

8.0926  723 

631 

28  19  61 

149  731  291 

23.0434  372 

8.0977  589 

532 

28  30  24 

150  568  768 

23,0651  262 

8.1028  39 

533 

28  40  89 

151  41fl  437 

23.0867  928 

8.1079  128 

534 

28  51  56 

152  273  304 

23.1084  4 

8.1129  803 

535 

28  62  25 

153  130  375 

23,1300  67 

8.1180  414 

536 

28  72  96 

153  990  656 

23,1816  738 

8.1230  962 

637 

28  83  69 

154  854  163 

23.1732  605 

8.1281  447 

538 

28  94  44 

165  720  872 

23.1948  37 

8.1331  87 

539 

29  05  21 

156  590  819 

23.2163  735 

8.1382  33 

540 

29  16  00 

157  464  000 

23.2370  001 

8.1432  529 

541 

29  20  SI 

158  340  421 

23,2694  067 

8.1482  766 

542 

29  37  04 

159  220  088 

23.2808  935 

8.1532  939 

543 

29  4g  49 

160  103  007 

2:1.3023  604 

8.1683  051 

544 

29  59  36 

160  98«  184 

23.3238  076 

8.1633  102 

29  7(1  25 

161  878  626 

23.3452  351 

8.1683  092 
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T  A  B  Li  E — (Cbnttmt«l) 

OF  SQUABES,  CUBES,  AND  SQUABE  AND  CUBE  BOOTS,  ETC. 


Number. 

Square. 

Cube, 

Square  Root. 

Cube  Boot 

646 

29  81  16 

162  771  336 

23.3666  429 

8.1733  02 

647 

29  92  09 

163  667  323 

23.3880  311 

8.1782  888 

648 

30  03  04 

164  566  592 

23.4093  998 

8.1832  695 

649 

30  14  01 

166  469  149 

23.4307  49 

8.1882  441 

660 

30  25  00 

166  375  000 

23.4520  788 

8.1932  127 

661 

30  36  01 

167  284  151 

23.4733  892 

8.1981  753 

652 

30  47  04 

168  196  608 

23.4946  802 

8.2031  319 

653 

30  58  09 

169  112  377 

23.6159  52 

8.2080  825 

654 

30  69  16 

170  031  464 

23.5372  046 

8.2130  271 

655 

30  80  25 

170  953  876 

23.5584  38 

8.2179  657 

656 

30  91  36 

171  879  616 

23.5796  522 

8.2228  985 

667 

31  02  49 

172  808  693 

23.6008  474 

8.2278  254 

658 

31  13  64 

173  741  112 

23.6220  236 

8.2327  463 

659 

31  24  81 

174  676  879 

23.6431  808 

8.2376  614 

660 

31  36  00 

175  616  000 

23.6643  191 

8.2425  706 

661 

31  47  21 

176  558  481 

23.6854  386 

8.2474  74 

562 

31  58  44 

177  504  328 

23.7065  392 

8.2523  715 

563 

31  69  69 

178  453  547 

23.7276  21 

8.2572  635 

564 

31  80  96 

179  406  144 

23.7486  842 

8.2621  492 

565 

31  92  25 

180  362  125 

23.7697  286 

8.2670  294 

566 

32  03  56 

181  321  496 

23.7907  545 

8.2719  039 

567 

32  14  89 

182  284  263 

23.8117  618 

8.2767  726 

568 

32  26  24 

183  250  432 

23.8327  506 

8.2816  255 

669 

32  37  61 

184  220  009 

23.8537  209 

8.2864  928 

570 

32  49  00 

185  193  000 

23.8746  728 

8.2913  444 

571 

32  60  41 

186  169  411 

23.8956  063 

8.2961  903 

572 

32  71  84 

187  149  248 

23.9165  215 

8.3010  304 

573 

32  83  29 

188  132  517 

23.9374  184 

8.3058  651 

1  574 

32  94  76 

189  119  224 

23.9582  971 

8.3106  941 

575 

33  06  25 

190  109  375 

23.9791  576 

8.3165  175 

576 

33  17  76 

191  102  976 

24. 

8.3203  353 

577 

33  29  29 

192  100  033 

24.0208  243 

8.3251  475 

578 

33  40  84 

193  100  552 

24.0416  306 

8.3299  542 

679 

33  52  41 

194  104  539 

24.0624  188 

8.3347  563 

580 

33  64  00 

195  112  000 

24.0831  891 

8.3395  509 

581 

33  75  61 

196  122  941 

24.1039  416 

8.3443  41 

582 

33  87  24 

197  137  368 

24.1246  762 

8.3491  256 

583 

33  98  89 

198  155  287 

24.1453  929 

8.3539  047 

584 

34  10  56 

199  176  704 

24.1660  919 

8.3586  784 

585 

34  22  25 

200  201  625 

24.1867  732 

8.3634  466 

586 

34  33  96 

201  230  056 

24.2074  369 

8.3682  095 

1  587 

I   ,...1  . — 

34  45  69 

202  262  003 

24.2280  829 

^  8.3729  (i(ia  \ 

I 
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T  A  B I^  E  -  (Q«i*"i«i) 

OF  BQUABE8,    CUBES,    AHD  EqUABB    AKD    CUBE    BOOTS. 


Bomber 

Square. 

Cube. 

aiuare  Root. 

CubeBmi 

S68 

34  57  44 

203  297  472 

24.2487  113 

8.3777  m 

G89 

34  09  21 

204  336  469 

242693  222 

8.3824  653 

660 

34  SI  00 

206  379  000 

24,2899  166 

8.3872  06fi 

5BI 

34  92  81 

206  435  071 

24.3104  916 

8.3919  423 

592 

35  04  64 

207  474  688 

24.3310  501 

8.3966  729 

593 

35  16  49 

208  627  867 

24.3515  913 

8.4013  981 

694 

36  28  36 

209  584  584 

24.3721  162 

8.4061  180 

595 

35  40  25 

210  644  875 

24.3926  218 

8.4108  320 

596 

35  62  16 

211  708  730 

24.4131  112 

8.4165  419 

697 

35  64  09 

212  776  173 

24.4336  834 

8.4203  46 

-35  76  04 

213  847  192 

24.4540  385 

8.4249  44B 

6B9 

36  88  01 

214  921  799 

24.4744  7G6 

8.4296  383 

600 

36  00  00 

316  000  000 

24.4948  974 

8.4343  267 

601 

36  12  01 

217  081  801 

24.5153  013 

8.4390  09S 

602 

36  24  04 

218  167  208 

24.6356  883 

8.4436  877 

603 

36  36  09 

219  256  227 

24.5660  583 

8.4483  605 

604 

.36  48  16 

220  348  864 

24.5764  115 

8.4530  281 

605 

36  60  25 

221  445  12S 

24.5967  478 

8.4576  906 

606 

36  72  3(i 

222  645  016 

24.Q170  673 

8.4623  47B 

007 

36  84  49 

223  648  543 

24.6373  7 

8.467 

808 

36  96  64 

224  755  712 

24.6576  56 

8.4716  471 

eo9 

37  08  81 

225  866  629 

24.6779  254 

S.4762  882 

filO 

37  21  00 

226  981  000 

24.6981  781 

8.4809  261 

611 

37  33  21 

228  099  131 

24.7184  142 

8.4866  579 

612 

37  45  44 

223  220  928 

24.7386  338 

8.4901  S48 

613 

37  57  69 

230  346  397 

24.7588  368 

8.4948  065 

614 

37  69  96 

231  475  544 

24.7790  234 

8.4994  233 

615 

37  82  25 

232  608  375 

24.7991  936 

8.S040  35 

616 

37  94  56 

233  744  896 

24.8193  473 

8.5086  417 

617 

38  06  89 

334  685  113 

24.8394  847 

8.5132  435 

618 

38  19  24 

236  020  032 

24.8596  058 

8.5178  403 

619 

38  31  61 

237  176  669 

24.8797  100 

8.8224  321 

620 

38  44  00 

238  328  000 

24.8997  993 

8.6270  189 

Any  number. multiplied  into  itself  3  times  Is  cubed:  as,  3x3x1 
^  27,  which  is  the  cube  of  3. 

The  square  root  of  any  Dumber  is  that  Dumber  nhicb,  mnlti 
j)fied  into  itself,  will  be  equal  to  the  given  number;  as,  ^/9^3x3 
heace  3  is  the  square  root  ot  ^, 
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of  Letters  in  Calculation. — It  is  extremely  conTenieDt  to 
at  quantities  by  letters,  as  has  been  done  in  various  cases 
earlier  chapters  of  this  book,  as,  for  example,  on  pages  7,  8, 

I  33.    On  pages  7  and  8  we  have  the  formula  h  =  g-z* 


=  height  from  which  a  body  will  fall  in  any  number  of 

seconds. 
-  number  of  seconds  it  has  been  falling. 
=  acceleration  produced  by  gravity,  which  by  experiment 

we  know  to  be  about  32.2  feet  per  second. 

•itten  out  in  full  would  be  ^ — ^ ,  or,  in  words,  g  multiplied 

^ain  multiplied  by  ty  and  the  whole  divided  by  2.  The 
ication  signs  are  omitted  in  writing  a  formula,  but  are 
to  be  understood. 

little  index  figure  ^  placed  at  the  upper  right  hand  of  t 
same  meaning  as  when  used  with  a  figure. 

Thus  3*  means  3  squared,  or  3  X  3, 
and  3''        '*      3  cubed,  or  3  X  3  X  3, 
so  f  "      t  squared,  or  tXt 

n  a  letter  has  a  figure  in  front  of  it  it  means  that  the 
y  represented  by  the  letter  is  to  be  multiplied  by  the  fig- 
*hus  3  T  means  3  X  T,  and  if  T  had  a  particular  value  of  4 
T  would  equal  12  feet. 

her  formula  on  page  8  is  v=  ^/2gh.  This  means  that  v  = 
are  root  of  2  X  5^  X  A,  or  that  two  times  g  is  multiplied  by 
he  product  has  its  square  root  taken,  and  this  square  root 

1  to  V. 

)age  10  is  the  formula  F=  Ma,  showing  the  relation  be- 
Wce,  mass^  and  acceleration.  This  means  that  the  force  is 
3ally  equal  to  the  product  of  the  mass  b^  \\v^  ^Q,^^<et'?>5cvss^, 
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Simple  Equations'^  Used  In  Formillas. 

An  equation  is  an  expression  of  equality  between  two  quanfr 

ties,  thus, 

(4X6) +  38=  193-131 

is  an  equation.  Equations,  however,  usually  contain  one  or  mon 
unknown  quantities,  which  are  designated  by  letters.  The  boIb- 
tion  of  the  equation  means  the  finding  of  the  numerical  value  of 
the  unknown  quantities.  Thus  in  the  above  equation,  if  38  wen 
the  unknown  quantity  the  equation  would  be  written 

(4X6)  + a;=  193-131, 

and  it  would  be  solved  by  finding  the  true  value  of  x.  The  fol- 
lowing rules  are  to  be  used  in  solving  equations : 

Rule  I. — If  equal  changes  are  made  in  both  sides  of  the  eqoi- 
tion,  the  equality  will  not  be  disturbed.  That  is,  we  may  add  or 
subtract  the  same  quantity  to  or  from  both  sides  of  the  equation, 
multiply  or  divide  every  term  by  the  same  number,  raise 
sides  to  the  same  power,  or  extract  the  same  root  of  both  si 
^vitll()ut  affecting  the  equality.     Thus  in  the  above  equation 

(4X6)  + a; -193 -131, 
addincr  IQO  to  both  sides: 

(4  X  6)  +  a:  +  100  =  193  -  131  +  100, 
dividing  every  term  by  10  :  , 

10    ^  10  ~  ^^'^  ~  ^^*^' 

or  extracting  the  square  root  from  both  sides  : 

V  (4  X  6)~+  x=  V  193  -131, 
does  not  in  the  least  affect  the  equality. 

Rule  2. — Any  term,  or  terms,  may  be  transposed  from  onesi^l^ 
of  an  iHjuation  to  the  other,  provided  the  sign  is  changed  from 

-^  i  )ti]y  tlie  simplest  kind  of  equation  is  considered  in  this  book.    For  a  more 
roiDplvtc  stin]v  of  (Mjnations  l\\o  toa^Vv  \s  Tt^^iTxt^VQ  •a.w'^  \feT\Wi^<i(  alff- 
/>ra.  such  us  \\'entworth's  VAemcul^ity  X\^^\i\^. 
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118  to  minus,  or  vice  verso,,  in  transposing,  without  disturbing  the 

[uality,  thus  : 

(4  5<  6)  + a;  =  193  — 131, 

a; -193  =  -(4X6) -131, 

(4X6) +131  =  193 -a;, 

r  (4 X  6)  +  a;-  193  + 131  =0, 

re  all  equally  true. 

To  solve  a  simple  equation  with  one  unknown  quantity,  trans- 
Dse  all  of  the  terms  containing  the  unknown  quantity  to  one  side 
r  the  equation,  and  all  of  the  remaining  terms  to  the  other.  Com- 
ine  the  terms  and  divide  both  sides  by  the  coefficient  of  the 
nknown  quantity. 

Examples, — Required  the  value  of  x  in 

18x  -  224  +  113  +  x  =  (24  -  x)  2. 
transposing : 

18a;  -h  a;  -  (24  -  a;)  2=  224 -  113. 
implifying: 

18a;  +  a;  — 48  +  2  a;  =  224- 113. 
transposing  again : 

18  X  -f  a;  +  2  a;  =  224  -h  48  - 1 13. 
:!ombining  terms : 

21  a;  =  159. 
Dividing  both  sides  by  21,  the  co-eflScient  of «, 

X  =  1^, — Answer, 


ilequired  the  value  of  x  in 

2  a;  -  3  (2  a;  -  3)  =  1  -  1 0  (a;  -  2). 
Simplifying : 

2a;-6x-f9  =  l-10a;  +  20. 
fransposing : 

2a;-6a;+10a;  =  20  +  1-9. 
/ollecting  terms : 

6a;  =  12. 
)ividing  by  6,  the  co-efficient  of  x, 

X  =  2.— An8^DeT, 
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Example, — If  a  certain  number  is  increased  by  16,  the  sam 
be  seven  times  as  great  as  one-third  of  the  number.    Bequired  thi 
number.     Let  x  =  the  number. 

Then  since  (x  +  16)  is  seven  times  as  great  as  one-third  d  di 
number,  we  have 

or  a;+16=-^- 

o 

First  multiply  every  term  by  3  to  clear  the  equation  of  fiili 
tions : 

3a;  +  48  =  7x. 

Transposing  and  collecting  terms : 

48=4x, 
and  hence  x  =  12. — Answer, 

Example, — If  the  circumference  of  the  driving  wheel  of  a  loco- 
motive is  18  feet  and  that  of  one  of  the  car  wheels  6  feet,  how  fir 
>vill  the  train  have  moved  when  the  car-wheel  has  made  500  revo- 
lutions more  than  the  driving-wheel  ? 

Let  X  —  the  required  distance. 

For  each  revolution  of  the  driving-wheel  the  train  moves  a  difr 
tance  of  18  feet,  and  for  each  revolution  of  the  car  wheel  tb 
train  moves  a  distance  of  6  feet.  Hence  we  have  for  the  numhi 
of  revolutions  made  by  each,  while  the  train  is  moving  over  til 
distance  x, 

X  X 

—  and  ^  respectively. 

Hut  the  required  distance  x  is  traversed  when  the  number  rf 
revi>lutions  of  the  latter  is  500  more  than  the  former.  Hence !• 
write  the  equation : 
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^xansposing  and  combioing : 

2«  =  9000, 
lence  z  =  4500  feet. — Answer. 

Examples  of  Use  of  Formulas. — On  pages  7  and  8  we  have 

t  =  ^-.    Suppose  we  wanted  to  know  how  many  seconds  it 

^ould  take  a  falling  body  to  pass  over  a  distance  of  1660  feet,     t  is 

lie  quantity  for  which  we  want  to  solve  the  equation,  g  being 

^nown,  and  h  being  given  by  the  conditions  of  the  problem  as  1660. 

Multiplying  both  sides  of  the  equation  by  2  we  have  2h—gf, 

Dividing  by  g  we  have  ^  —  — . 

If 

Extracting  the  square  root  <  =  -i/ — '    This  is  in  the  form 
Pvhich  we  want,  in  order  to  get  the  value  of  t,  which  is 


4  =  -%  / — ::7r7z —  =  10  seconds. 
32.2  . 


-V- 


Logarithms. 

Logarithms  are  intended  to  simplify  the  operations  of  multipli- 
3ation,  division,  involution  (raising  numbers  to  higher  powers), 
md  evolution  (extracting  roots),  by  reducing  these  operations  re- 
ipectively  to  addition,  subtraction,  multiplication,  and  division. 

The  logarithm  of  a  number  is  the  power  to  which  10  must  be 
raised  to  equal  that  number.  It  consists  of  two  separate  parts, 
in  integral  portion,  called  the  characteristw,  and  a  decimal  por- 
aon,  called  the  mantissa.-   In  the  tables  mantissas  only  are  given. 

The  characteristic  or  index  of  the  logarithm  is  always  one  less 
lian  the  number  of  figures  in  the  number  which  lie  to  the  left  of 
;he  decimal  point ;  thus  take  the  number  958.  From  the  table 
;he  mantissa  is  .98136,  and  since  the  number  contains  three  figures 
X)  the  left  of  the  decimal  point,  the  characteristic  is  2,  and  hence 
;he  complete  ]ogarithm  is  2.98136.  If  tV\e  w\xm\i«t  Q5i\i\»xwi$i.<5i\5!e^ 
ae  Ggure  to  the  left  of  the  decimal  poiiit,tYvft  <iWx^^\fcx>&^\^^^^ 
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be  0.  If  the  number  is  less  than  1,  its  characteristic  would  be  nega- 
tive, being  equal  to  one  more  than  the  number  of  ciphers  before 
the  first  figure. 

Hence  we  have,  for  example,  by  looking  in  the  table  of  loga- 
rithms and  by  the  preceding  rules  for  the  characteristic, 

log.       365  =  2.56229 
log.     46.7  =  1.66931 
'  log.      7.59  =  0.88024 
log.      .365  =  0.56229  - 1  or  9.66229  - 10 
log.    .0467  =  0.66931  -  2  or  8.66931  -  10 
log.  .00759  =  0.88024  -  3  or  7.88024  - 10. 

It  will  be  observed  that  the  mantiaaa  of  the  logarithm  is  not 
afiected  by  the  number  of  ciphers  at  the  end  of  the  number ;  hence 
this  portion  of  the  logarithm  is  the  same  for  9  as  for  90,  or  for 
900  and  for  .009,  etc.,  the  characteristic  only  being  different 

Example.— Wh&t  is  the  logarithm  of  946.2  ? 

First,  the  characteristic  is  2,  since  there  are  three  figures  to  the 
left  of  the  decimal  point. 

From  the  tables  the  mantissa  of  946,  the  nearest  number  it 
.97589.  The  mantissa  of  947  is  .97635.  The  difference  between 
the  two  mantissas  is  .00046.  Now  since  the  number  946.2  lieebe* 
tween  946  and  947,  its  logarithm  must  also  lie  between  the  loga- 
rithm of  946  and  that  of  947  and  nearer  that  of  946.  Au  increaseii 
the  number  of  one  (from  946  to  947)  caused,  as  we  saw  above,  ai 
increase  in  the  mantissa  of  .00046.  .  Therefore,  an  increase  in  the 
number  of  .2  (two-tenths)  will  cause  an  increase  in  the  mantiaa 
of  .2  X  .00046  or  .000092.  Adding  .00009  to  .97589  we  hart 
.97598  as  the  mantissa  of  946.2.  The  complete  logarithm  will  be 
tlierefore,  2.97598.  In  the  last  column  of  the  table  of  logarithmi 
headed  Prop,  will  be  found  numbers  which  represent  the  diflfe^ 
ences  in  mantissas  corresponding  to  a  change  of  one  in  the  namber, 
.so  that  the  labor  of  looking  up  the  mantissa  of  the  larger  number 
and  su bt racting  t\\e  two  maxv\A?iS>«L«»  Ss, ^^Q\dfid,  Thus,  suppose  agaia 
that  we  desire  the  \ogai\\Jam  oi  ^^^."I.   \A^^.^^&=n^^^.  In 
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;lie  last  column  we  find  the  number  46.  Place  three  ciphers  and 
L  decimal  before  it  and  multiply  by  .2.  The  result  is  .000092  as 
before,  which  tnust  be  added  to  2.97589,  giving  as  before  2.97598 
us  the  logarithm  desired. 

The  calculation  can  be  put  in  very  compact  form  as  follows : 

Required  log.  946.2.  Proportion,       .00046 

.2 

.000092 
log.  946  =  2^7^89^ 

2.97598— ^n«w;er. 

Required  log.  13.698.        Proportion,         .00323 

M 

1938 
2897 


.0030908 
log.  136  =  1.13353 

1 . 1 3662 — Answer. 

To  find  the  number  corresponding  to  a  given  logarithm  the 
process  must  be  reversed.  Look  in  the  tables  till  we  find  the 
mantissa  next  lowest  to  that  of  the  given  logarithm.  If  an  exact 
^ual  cannot  be  found,  we  can  arrive  at  the  number  correspond- 
ing by  the  application  of  proportional  parts. 

Example,  — What  number  corresponds  to  the  logarithm  1.83947  ? 
Looking  in  the  table  we  find  there  a  mantissa  exactly  .83947. 
The  number  corresponding  is  691.  Since  the  characteristic  is  1, 
there  must  be  two  figures  to  the  left  of  the  decimal  point,  so  we 
place  a  decimal  between*  9  and  1  and  obtain  69.1  as  the  number 
iDorresponding  to  the  logarithm  1.83987. 

Example, — What  is  the  number  corresponding  to  the  logarithm 
0.79804  ?  The  next  lowest  mantissa  is  .79796,  corresponding  to  the 
number  628.     The  proportional  number  in  last  column  is  70. 

Divide  .00070  by  the  difference  between  .79804  and  .79796. 

.00070      ^  ,      . 

^^^g  =  9veryneaT\7, 


I 
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Annex  9  to  628,makiog 6289.    Sinoe thediaracfteriBtieiBn%|l 
there  must  be  one  figure  to  the  left  of  the  decimal;  therefiHen 
put  the  decimal  between  6  and  2  and  obtain  Ibr  the  anBiw 
6^89  as  the  number  oorreBponding  to  the  logarithm  0.7980i 

To  muKiply  by  logarithma : 

Rvle. — Add  together  the  logarithms  of  the  fiuton^  and  Ai 
sum  will  be  the  logarithm  of  the  product. 

Example.— TA\Mf\j  79600  X  0.436. 

log.  79600  =  4.90091 
log.     .43d=    .68848-1 

5.53939 -1=4.53939= log.  34690 
34690— iitwiwr. 

To  divide  by  logarithms : 

jRtife. — From  the  logarithm  of  the  dividend  deduct  the  kp^ 
rithm  of  the  divisor,  and  the  difierence  will  be  the  logarithm  of  tb 
quotient. 

£bawip/e«.— Divide  43800  by  368. 

log.  43800  =  4.64147 
log.     368  =  2.56584 

2.07563= log.  119 
119 — Answer. 
Divide  .05638  by  250. 

log.  .05638  =  0.75112  -  2  =  8.75112  -  10 
log.         25  =  2.39794        =  2.39794 

6.35318  - 10 
Or  .35318  -  4  =  log.  .0002255 

.0002255— ^nmer. 

Raising  to  Powers — Involution  by  Logarithms. — 

Rule, — Multiply  the  logarithm  of  the  number  by  the  power  to 
which  it  ia  to  be  raised,  and  th^  i^xodMct  mil  be  the  logarithm  of 
the  required  power  of  the  nuinfeet. 


THE     ENOINEEtt'S     HANDY-BOOK.  807 

Example, — What  is  the  third  power  of  619? 
log.  619  =  2.79169 


8.37607  =  log.  23780000.* 
Extracting  Roots—Evolution  by  Logarithms.— 

Rtde. — Divide  the  logarithm  of  the  number  by  the  index  of  the 
ot  which  is  to  be  extracted  and  the  quotient  will  be  the  loga- 
hm  of  the  required  root. 

Example.— What  is  the  seventh  root  of  .08937  ? 

log.  .08937  =  0.95119  -  2. 

Since  the  negative  index  is  not  evenly  divisible  by  7,  the  root 
be  extracted,  it  is  customary  to  add  a  number  until  it  becomes 
irisible,  which  may  be  done  without  altering  the  logarithm,  thus : 

log.  .08937  =  0.95119  =  5.95119  -  7  ___ 

Dividing  by  7  we  have  0.85017  - 1  =  log.  1^.08937 

=  log.  .70821.— -4n»t(;er. 

JScainpfe.— Find  by  logarithms  the  value  of 

t/O  X  86  X  .0051' 
86.8  X  |^r5"0 

J  log.      2.1=    .16111  log.  86.8  =  1.93852 

log.       86=1.93449  i  log.  150=   .54402 

2  log.  .0034  =  1.06296  -  6  2;4825^ 

3.15856  -  6 

2.48254 

0.67602  -  6  =  log.  .000004744.— Gnawer. 

**  As  the  table  is  not  accurate  above  5  places,  we  must  add  ciphers  at  the 
i  of  the  results  until  the  required  number  of  figures,  as  indicated  by  the 
iracteristic,  is  had. 
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TABI^E 

OF  L00ABITHM8  OF  MUKBEBS  FROM  0  TO   1000* 


No. 

0 

1 

2 

S 

4 

5 

6 

7 

1 
1 

95424 

0 

0 

00000 

30103 

47712 

60206 

69897 

77815 

•84510 

90309 

10  00000 

00432 

00860 

01283 

01703 

02118 

02530 

02938 

03342  0374241 

11 

04139 

04532 

04921 

05307 

05690 

06069 

06445 

06818 

07188' 07554  iS 

12 

07918 

08278 

08636 

08990 

09342 

09691 

10037 

lu380 

10721  11059  ;3 

13 

11394 

11727 

12057 

12385 

12710 

13033 

13353 

13672 

13987 

143013 

14 

14613 

14921 

15228 

15533 

15836 

16136 

16435 

16731 

17026 

17318  a 

15 

17609 

17897 

18184 

18469 

18752 

19033 

19312 

19590 

19865 

20139^ 

16 

20412 

20682 

20951 

21218 

21484 

21748 

22010 

22271 

22530 

22788,1 

17 

23045 

23299 

23552 

23804 

24054 

24303 

24551 

24797 

25042  252851! 

18 

25527 

25767 

26007 

26245 

26481 

26717 

26951 

27184 

27415  27646  f 

19 

27875 

28103 

28330 

28555 

28780 

29003 

29225 

29446 

29666  29885; 

20 

30103 

30319 

30535 

30749 

30963 

31175 

31386 

31597 

31806  32014 

21 

82222 

32428 

32633 

32838 

33041 

33243 

33445 

33646 

33845 

34044J 

22 

34242 

34439 

34635 

34830 

35024 

35218 

35410 

35602 

36793 

35983 

23 

36173 

36361 

36548 

36735 

36921 

37106 

37291 

37474 

37657 

37839: 

24 

38021 

38201 

38381 

38560 

38739 

38916 

39093 

39269 

39445 

39619: 

25 

39794 

39967 

40140 

40312 

40483 

40654 

40824 

40993 

41162 

41330 > 

26 

41497 

41664 

41830 

41995 

42160 

42324 

42488 

42651 

42813 

42975 

27 

43436 

43296 

43456 

43616 

43775 

43933 

44090 

44248 

44404 

44560 

28 

44716 

44870 

45024 

45178 

45331 

45484 

45636 

45788 

45939 

46089 

29 

46240  46389 

46538 

46686 

46834 

46982 

47129 

47275 

47421 '  47567 

30 

47712 

47856 

48000 

48144 

48287 

48430 

48572 

48713 

48855  48995 

|31 

49136 

49276 

49415 

49554 

49693 

49831 

49968 

50105 

50242  50379 

32 

50515 

50650 

50785 

50920 

51054 

51188 

513^1 

51454 

51587  51719 

33 

51851 

51982 

52113 

52244 

52374 

52504 

52633 

52763 

52891 :  53020 

34 

53148 

53275 ,  53102 

53529 

53655 

53781 

53907 

54033 

54157  i  54282 

35 

54407 

54530 ■ 54654 

54777- 

54900 

55022 

55145 

55266 

55388  "55509 

36 

55630 

55750 ,  55870 

55990 

56410 

56229 

56348 

56466 

56584 ;  56702 

37 

56820 

56937  57054 

57170 

57287 

57403 

57518 

57634 

57749 ;  57863 

38 

57978 

58002  58206 

58319 

58433 

58546 

5S65S 

58771 

58883!58995 

39 

59106 

59217  59328 

59439 

59549 

59659 

59769 

59879 

59988 

60097 

40 

60206 

60314  i  60422 

60530 

60638 

60745 

60852 

60959 

61066 

61172 

41 

61278  61384 

61489 

61595 

61700 

61804 

61909 

62013 

62117162221 

,42  ♦)2325!  62428 

62531 

62634 

62736 

62838 

62941 

63042 

63144  63245 

43  C3347  63447  [  63548 

63648 

63749 

63848 

63948 

64048 

64147 :  64246 

44  64345  164443164542 

64640 

64738 

64836 

64933 

65030 

65127  :  65-224 

45  ,  ^5321  ;  65417  65513 

6560^ 

65075  '  65801  | 

65896 

65991 

66086  66181 

46  ;  66276  \  66370  66464 

66558 

66651 

66745 

66838 

66931 

67024  67117 

47  i  67210  67302  67394 

67486 

0/0/  / 

67669 

67760 

67851 

67942 :  68033 

48 ',68124 '68214 '68304 

68394 

68484 

68574 

68663 

68752 

68842  68930 

49  1 69020  !  69108  '•  69196 

69284 

69372 

69460 

69548 

69635 

69722 1  69810 

50 

69897 

69983 ; 70070 

70156 

70243 

70329 

70415 

70500 

70586  ■  70671 

61 

70757 

70842  1  70927 

71011 

71096 '71180 

71265 

71349 

71433 .  71516 

52 

71600 

71683:71767 

71850 

71933  72015 

72098 

72181 

72263  72345 

£3 

72428 

72509  72591 

72672 

72754 

72835 

72916 

72997 

73078  73KV* 

73239 1 73319 1 73399  \  T^^^M^b'^  \1^^^^ 

ItH719 

73798 

73878  ■  73957 

'4036 

1 74115 

174193 

\  74^172 

Xl^^bX 

Al-Wl*^ 

\l\^'^ 

v^^ass 

IT474I 

•  ^B^iffh  logiixitlim  \a  mipv<Me\  Vw  \i«LN  e  \.\v%  ^iR«^\as^  A«si  V:^^afc^ss»^^. 
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TABLE  — (Om^moed.) 


74818 
76687 
76342 
77085 
77816 
78533 
79239 
79934 
80618 
81291 
81964 
82607 
83260 
83884 
84609 
85126 
85733 
86332 
86923 
87606 
88081 
88649 
89209 
89762 
90309 
90848 
91381 
9190/ 
92427 
92941 
93449 
93951 
94448 
94939 
96424 
96904 
96378 
96848 
97312 
97772 
98227 
98677 
99122 
99663 


1 

2 

74896 

74973 

75663 

76739 

76417 

76492 

77168 

77232 

77887 

77969 

78604 

78675 

79309 

79379 

80M2 

80071 

80686 

80753 

81358 

81424 

82020 

82805 

82672 

82736 

83314 

83378 

83947 

84010 

84671 

84633 

86187 

86248 

85793 

85853 

86391 

86461 

86981 

87040 

87664 

87621 

88138 

88195 

88705 

88761 

89265 

89320 

89817 

89872 

90363 

90417 

90902 

90956 

91434 

91487 

91960 

92012 

92479 

92631 

92993 

93044 

93600 

93660 

94001 

94051 

94497 

94546 

94987 

95036 

96472 

96520 

95961 

96999 

96426 

96473 

96896 

96941 

97369 

97405 

97818 

97863 

98272 

98317 

98721 

98766 

99166 

99211 

99607 

99657 

s 


76060 
76815 
76666 
77305 
78031 
78746 
79448 
80140 
80821 
81491 
82151 
82801 
83442 
84073 
84695 
85309 
85913 
86510 
87098 
87679 
88252 
88818 
89376 
89927 
90471 
91009 
91540 
92064 
92682 
93095 
93601 
94101 
94596 
96085 
96568 
96047 
96520 
96988 
97451 
97909 
98362 
98811 
99255 
99694 


75127 
75891 
76641 
77378 
78103 
78816 
79618 
80208 
80888 
81557 
82216 
82866 
83506 
84136 
84767 
85369 
86973 
86669 
87167 
87737 
88309 
88874 
89431 
89982 
90525 
91062 
91592 
92116 
92634 
93146 
93651 
94151 
94645 
95133 
95616 
96094 
96507 
97034 
97497 
97954 
98407 
98855 
99299 
997.38 


75204 
76966 
76715 
77461 
78176 
78887 
79688 
80277 
80966 
81624 
82282 
82930 
83669 
84198 
84818 
85430 
86033 
86628 
87216 
87794 
88366 
88930 
89487 
90036 
90679 
91115 
91645 
92168 
92685 
93196 
93701 
94200 
94694 
95182 
95664 
96142 
96614 
97081 
97543 
98000 
98452 
98900 
99313 
99782 


76281 
76042 
76789 
77624 
78247 
78968 
79667 
80345 
81023 
81690 
82347 
82994 
83632 
84260 
84880 
85491 
86093 
86687 
87273 
87852 
88422 
S8986 
89542 
90091 
90633 
91169 
91698 
92220 
92737 
93247 
93751 
94250 
94743 
95230 
95712 
96189 
96661 
97127 
97689 
98045 
98497 
98945 
99387 
99825 


76368 
76117 
76863 
77597 
78318 
79028 
79726 
80413 
81090 
81756 
82412 
83058 
83695 
84323 
84941 
85551 
86163 
86746 
87332 
87909 
88479 
89042 
89597 
90145 
90687 
91222 
91750 
92272 
92788 
93298 
93802 
94300 
94792 
96279 
95760 
96236 
96708 
97174 
97635 
98091 
98542 
98989 
99431 
99869 


8 


75434 
76192 
76937 
77670 
78390 
79098 
79796 
80482 
■81157 
81822 
82477 
83123 
83758 
84385 
85003 
85612 
86213 
86805 
87390 
87966 
88536 
89098 
89652 
90200 
90741 
91275 
91803 
92324 
92839 
93348 
93862 
94349 
94841 
95327 
95808 
96284 
96754 
97220 
97680 
98136 
98587 
99033 
99475 
99913 


9 


75611 
76267 
77011 
77742 
78461 
79169 
79866 
80550 
81224 
81888 
82542 
83187 
83281 
84447 
86064 
85672 
86272 
86864 
87448 
88024 
88592 
89153 
89707 
90264 
90794 
91328 
91865 
92376 
92890 
93399 
93902 
94398 
94890 
95376 
95856 
96331 
96801 
97266 
97726 
98181 
98632 
99078 
99519 
99956 
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Menguration  of  SurfiieeB  and  ToIiumb. 

A  polygon  is  i^  surfiu^e  bounded  by  three  or  more  Iniei  wlugh 
dose  on  each  other.  These  lines  are  called  the  flideB  of  tb 
polygon. 

Their  som,  or  the  distance  aroand  the  figure^  is  calledthe  jMr» 
d&r  of  the  polygon.  If  the  sides  and  angles  are  equal,  the  po^ 
gon  is  said  to  be  regular.    The  following  varieties  oociif: 

A  tmogle  ha.  8  sideB  «.d  8  angl«. ^ 


Its  altitude  is  the  perpendicular  distance  firom  the  vertex  of  m 
angle  to  the  opposite  side  or  the  opposite  produced. 
A  quadrilateral  has  4  sides  and  4  angles. 
A  trapezoid  is  a  quadrilateral  having  two  of  the  sides  paaU 
A  parallelogram  has  the  •opposite  sides,  two  and  two  puaUeL 
A  rectangle  is  a  parallelogram  whose  angles  are  all  rij^ 
angles. 

A  square  is  a  rectangle  whose  sides  are  equal I 


A  pentagon  has  5  sides  and  5  angles. 


A  hexagon  has  6  sides  and  6  angles. 


A  heptagon  has  7  sides  and  7  angles.. 


An  octagon  has  8  Bide&  awd  %  aii^*^. 


0 
0 

0 
0 
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A  circle  is  a  polygon  of  an  infinite  number  of  sides. 

The   diameter  of  a  circle  is  a  straight  line  drawn 
trough  its  centre,  touching  both  sides,  thus 

The  radius  of  a  circle  is  a  line  drawn  from  the  centre  f      /\ 
the  circumference  and  is  half  the  diameter \.         ) 

A  chord  is  a  straight  line  joining  any  two  points  in 
e  circumference  of  a  circle 

An  arc  is  any  part  of  the  circumference  of  a  circle ^ 

A  segment  is  the  surface  included  between  an  arc  and  the  chord 
ining  its  ends. 

A  sector  is  the  surface  included  between  an  arc  and  the  radii 
awn  to  its  ends. 

A  prism  is  a  solid  two  of  whose  faces  are  similar  polygons, 
ing  in  parallel  planes,  and  whose  other  sides  are  parallelograms. 
16  two  polygons  are  called  the  bases  of  the  prism. 
In  a  right  prism  these  other  sides  are  rectangles,  the  corre- 
onding  sides  of  the  polygons  being  vertically  over  each  other. 
A  cube  is  a  right  prism  whose  bases  are  squares  and  whose 
her  faces  are  also  squares. 

A  pyramid  is  a  solid  whose  base  is  a  polygon  and  whose  other 
DCS  are  triangles.  The  vertices  of  these  triangles  meet  in  a 
mmon  point.  The  altitude  of  the  pyramid'  is  the  perpendicular 
stance  from  this  point  to  the  base. 

A  cone  may  be  regarded  as  a  pyramid  with  an  infinite  number 
triangular  faces.    Its  base  is  a  circle. 

A  right  cone  has  its  vertex  perpendicularly  above  the  centre  of 
base.     It  is  the  solid  figure  which  would  be  generated  by  re- 
iving a  right  triangle  about  one  of  the  sides  adjacent  to  the 
rht  angle. 
A.  cylinder  may  be  regarded  as  a  prism  \LaN\Ti^  a\i  Ys&ss!i^\fiasaB' 
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ber  of  &oes.  Its  bases  are  circles.  If  the  centre  of  ilieii||M 
base  18  vertically  over  that  of  the  lower  base,  it  is  called  a  n^ 
cone. 

A  right  cylinder  is  the  solid  which  would  be  generated  bjr  ft 
revolution  of  a  rectangle  about  one  of  its  rides. 

A  sphere  is  the  solid  genera|;ed  by  revolving  a  drde  aitmndi 
diameter. 

A  spheroid  is  a  solid  generated  by  the  revolution  of  an  eDipi 
around  one  of  its  axes.  It  is  prolate  if  the  revolution  is  mil 
around  the  shorter  axis  of  the  ellipse,  and  oUaie  if  around  A 
other  axis. 

Bales. 

To  find  the  area  of  a  triangle,  multiply  the  base  by  the  ahi 
tude  and  take  half  the  product 

To  find  the  area  of  any  quadrilateral  figure,  divide  the  quads 
lateral  into  two  triangles ;  the  sum  of  the  areas  of  the  trian^i 
the  area. 

To  find  the  areia  of  any  polygon,  divide  the  polygon  into  triu 
gles  and  trapezoids  by  drawing  diagonals;  find  the  areas  of  thea 
as  above  shown,  for  the  area. 

To  find  the  area  of  a  regular  polygon,  multiply  half  tl 
perimeter  of  the  polygon  by  the  perpendicular  drawn  from  tl 
centre  to  the  centre  of  one  of  the  sides. 

To  find  the  area  of  a  trapezoid,  multiply  half  the  sum  of  tl 
parallel  sides  by  the  perpendicular  distance  between  them ;  tl 
product  will  be  the  area. 

To  find  the  area  of  a  parallelogram,  multiply  the  length  by  tl 
height  or  perpendicular  breadth. 

To  find  the  circumference  of  a  circle,  multiply  the  diameter  I 
3  1416 ;  the  product  is  the  circumference. 

To  find  the  diameter  of  a  circle,  divide  the  circumference  I 
3' 1416,  the  quotient  is  the  diameter  ;  or  multiply  the  square  ro 
of  the  area  by  11 2837,  the  product  is  the  diameter. 

To  find  the  area  of  a  c\rc\fe,  tovA^a^^  >(Jc\fc  ^»2^<dx^  ^^  \fcA  diu 
by  7854,  the  product  is  l\ife  «.t^«^N  ^t  \sv\^>2v^i  V^^ '^^ 
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imference  by  hailf  the  diameter,  the  product  is  the  area ;  or  mul- 
ply  the  diameter  by  the  circumference,'  and  divide  by  4 ;  the 
jotient  is  the  area. 

To  find  the  area  of  a  sector  of  a  circle,  multiply  half  the  length 
r  the  arc  of  the  sector  by  the  radius.  Or,  multiply  the  number 
r  degrees  in  the  arc  by  the  square  of  the  radius,  and  by  '008727. 

To  find  the  area  of  a  segment  of  a  circle,  find  the  area  of  the 
(Ctor  which  has  the  same  arc  as  the  segment;  also  the  area  of  the 
dangle  formed  by  the  radial  sides  of  the  sector  and  the  chord 
f  the  arc ;  the  difference  or  the  sum  of  these  areas  will  be  the 
rea  of  the  segment,  according  as  it  is  less  or  greater  than  a  semi- 
rcle. 

To  find  the  area  of  an  ellipse  or  oval,  multiply  the  long  diam- 
«r  by  the  short  diameter ;  multiply  this  product  by  '7854,  and 
16  product  will  be  the  superficial  area  of  the  ellipse. 

To  find  the  circumference  of  an  ellipse  or  oval,  add  the  squares 
'  the  long  and  short  diameters,  divide  the  sum  by  2,  extract  the 
[uare  root,  and  multiply  by  3'1416. 

To  And  the  area  of  any  irregular  figure  divide  it  by  parallel 
nes  at  equal  distances  from  each  other.  The  small  sections  thus 
*rmed  may  be  considered  to  be  trapezoids  and  their  areas  sepa- 
Italy  calculated  by  the  rule  for  trapezoids.  The  sum  of  the  areas 
*  the  assumed  trapezoids  will  be  quite  accurately  the  area  of  the 
^re.  If  a  planimeter  is  available,  this  will  measure  the  area, 
nether  method  is  to  draw  or  copy  the  figure  on  cross-section 
Eiper  and  count  the  number  of  small  squares  enclosed  by  it,  com- 
uting  the  total  area  from  their  number. 

To  find  the  surface  of  a  prism  or  a  cylinder,  the  perimeter  of 
16  end  multiplied  by  the  height  gives  the  upright  surface ;  add 
yiee  the  area  of  an  end. 

To  find  the  surface  of  a  pyramid  or  a  cone,  multiply  the  per- 
aeter  of  the  base  by  half  the  slant  height,  and  add  the  area  of 
le  base. 

To  find  the  cubic  contents  of  a  prism  ox  sl  e^\\YA<Kt^\tt>SS^\>^^ 
e  arm  of  the  base  by  the  height. 
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To  find  the  cabic  ocmtents  of  a  pynunid  or  a  jOone»  multi^l 
area  of  the  base  by  one-third  of  the  perpendicolar  hei|^i 

To  find  the  sor&ce  of  a  firustam  of  a  pyiamid  or  a  eone^ 
tiply  the  sum  of  the  perimeteni  of  the  endB  by  half  the 
hdghty  and  add  the  areas  of  the  ends. 

To  find  the  cabic  contents  of  a  frostom  of  a  pyiamid  or 
cone,  add  together  the  areas  of  the  two  aids,  and  tike  rnetn 
portional  between  them  (that  is,  the  square  root  of  their 
dnct),  and  multiply  the  sum  by  one^third  of  the 
height 

To  find  the  cubic  contents  of  a  segment  of  a  sphere,  ftom 
times  the  diameter  of  the  sphere  subtract  twice  the  height  of 
segment ;  multiply  the  difference  by  the  square  of  the 
and  by  -5236. 

To  find  the  cubic  contents  of  a  frustum  or  xone  of  a  sphem^j 
To  the  sum  of  the  squares  of  the  radii  of- the  ends  add  one-AU 
of  the  square  of  the  height;  multiply  the  sum  by  the  height ni 
by  1-5708. 

To  find  the  surface  of  a  sphere,  multiply  the  square  of  the  & 
ameter  by  3'1416. 

To  find  the  curve  surface  of  any  segment  or  zone  of  a  spben^ 
multiply  the  diameter  of  the  sphere  by  the  height  of  the  zone  or 
segment  and  by  3'1416. 

To  find  the  cubic  contents  of  a  sphere,  multiply  the  cube  of 
the  diameter  by  '6236. 

To  find  the  volume  of  a  spheroid,  multiply  the  square  of  the 
revolving  axis  by  the  fixed  axis  and  the  product  by  '5236. 

To  find  the  cubic  contents  of  any  irregular  solid,  fill  a  vessel  to 
the  brim  with  water ;  sink  the  body  in  the  water,  catching  tlie 
water  which  is  displaced  and  measuring  it. 

To  find  the  cubic  contents  of  a  cask,  multiply  the  square  of 
the  mean  diameter  by  the  length  in  inches  and  by  '0034.  The 
product  will  be  the  approximate  number  of  XJ.  S.  gallons  which 

*  -yjAoJd 
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TABLE 

- 

OF  DIAMETEB8  AND  ABEAS  OF  SMALL  CIRCLES. 

If. 

Abea. 

DlAU. 

Abea. 

DlAM. 

Abka.. 

•0000008 

•027 

•0005726 

•0625 

•0030680 

•0000031 

•028 

•0006158 

•065 

•0033183 

•0000071 

•029 

•0006605 

•070 

•0038485 

t 

•0000126 

•030 

•0007069 

•075 

•0044179 

•0000196 

•031 

•0007548 

•080 

•0050266 

•0000283 

•03125 

•0007670 

•085 

•0056745 

•0000385 

•032 

•0008043 

•090 

•0063617 

•0000503 

•033 

•0008553 

•095 

•0070882 

•0000639 

•034 

•0009079 

•100 

•0078540 

•0000785 

•035 

•0009621 

•125 

•0122719 

•0000950 

•036 

•0010179 

•150 

•0176715 

•0001131 

•037 

•0010752 

•200 

•0314159 

•0001327 

•038 

•0011341 

•250 

•0490875 

•0001539 

•039 

•0011946 

•300 

•0706858 

•0001767 

•040 

•0012566 

•350 

•0962115 

525 

•0001917 

•041 

•0013203 

•400 

•1256637 

•0002016 

•042 

•0013855 

•450 

•1590435 

•0002270 

•043 

•0014522 

•500 

•1963495 

•0002545 

•044 

•0015205 

•560 

•2375835 

•0002835 

•045 

•0015904 

•600 

•2827440 

•0003142 

•046 

•0016619 

•650 

•3318315 

•0003464 

•047 

•0017349 

•700 

•3848441 

•0003801 

•048 

•0018096 

•750 

•4417875 

•0004155 

•049 

•0018857 

•800 

•5026548 

•0004524 

•050 

•0019635 

•850 

•5674515 

W 

,  '0004909  j 

•055 

•00237  5& 

i  -^QQ 

\  •<5RfeWlS»  \ 

1 

•0006309  II 

•060 

•0028274 

\\    -^^Jft 

\  •'\Q"*aa2 

^ 
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coMTAixaxQ-  TBX  muoTKBa,  lamaaMwaaanm,  asb  -akus  ar 
ontoLn  raoK  f^  or  iv  ikcb  to  100  mm^  asvamomsxi 
A  or  AK  nioH  DP  TO  10  acBM,  XBD  Bx  )  or  AX  noB  >■» 


DU>L 

C.^:^ 

AsBi.             D 

UM. 

CIKCTM. 

Amma. 

iDDb. 

I 

nrfi. 

.1903 

.0030 

7.6576 

4.6664 

.3927 

.M22 

7.8540 

4.9087 

f 

.5890 

.0276 

8.0603 

5.157S 

.7854 

.0490 

8.2467 

5.4119 

^ 

.9817 

.0767 

Y 

8.4430 

5.6727 

1.1781 

.1104 

8.6394 

5.9396 

1.3744 

.1603 

Y 

8.8357 

6.2126 

1.6708 

.1963 

9.0321 

6.4918 

t 

1.7871  ■ 

.2485 

H 

9.2284 

6.7778 

1.9635 

.3068 

¥ 

9.4248 

7.0686 

2.1598 

.3712 

A 

9.6211 

73662 

2.3562 

.4417 

9.8175 

7.66S9 

y 

2,5525 

.6185 

t 

10.0138 

7.9798 

2.7480 

.601? 

10.2120 

8.2957 

ii 

2.9462- 

.6903 

10.4065 

8.6179 

1 

3.1418 

.78.54 

10.6029 

8.9462 

A 

3.3379 

.8861 

t 

10.7993 

9.2806 

1 

3.5343 

.9940 
1.1075 

10.9956 

9.6211 

3.7306 

t 

11.1919 

9.9678 

3.92J0 

1.2271 

11.3883 

10.3206 

f 

4.1233 

1.3629 

\' 

11,5846 

10.6796 

4.3197 

1.4848 

11.7810 

11.0446 

4.5160 

1.6229 

? 

11.9773 

11.4159 

4.7124 

1.7671 

12.1737  - 

11.7932 

t 

4.9087 

1.9175 

H 

12.3700 

12.1768 

5.1051 

2.0739 

4 

12.5664 

12.5664 

^ 

5.3014 

2.2365 

12.7627 

12.0622 

5.4978 

2.4052 

12.9591 

13.3640 

^ 

6.6941 

2.5801 

13.1654 

13.7721 

5.8906 

2.7611 

13.3518 

14.1862 

6.0868 

2.9483 

13.5481 

14.6066 

6.2832 

3.1416 

13.7445 

15.0331 

^ 

6.4795 

3.3411 

t 

13.9408 

15.4657 

B.675B 

3.5466 

14.1372 

15.9043 

6.8722 

3.7582 

f 

14.3335 

16.3492 

7.0686 

3.9760 

14.5299 

16.8001 

7.2640 

4.2001 

^ 

14.7262 

17.2.573 

1 

7.4613 

ijsm   \ 

wma 

17.7205 
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T  A  B  L  E — (CbfKftHied) 
X>irTAININO  THE  DIAM.,  CIBCUMFEBENCES,  AND  AREAS  OF  CIBGUEB. 


DiAK. 


Inch. 

t 
t 
t 
t 
t 

6 

t 
I 

V 

t 

t 
t 


ClBCUM. 


15.1189 

15.3153 

15.5716 

15.7080 

15.9043 

16.1007 

16.2970 

16.4934 

16.6897 

16.8861 

17.0824 

17.2788 

17.4751 

17.6715 

17.8678 

18.0642 

18.2605 

18.4569 

18.6532 

18.8496 

19.0459 

19.2423 

19.4386 

19.6350 

19.8313 

20.0277 

20.2240 

20.4204 

20.6167 

20.8131 

21.0094 

21.2058 

21.4021 

21.5985 

21.7948 

21.9912 

22.1875 

22.3839 

22.5802 

22.7766 

22.9729 

23.1693 


Abka. 


18.1900 
18.6655 
19.1472 
19.6350 
20.1290 
20.6290 
21.1252 
21.6475 
22.1661 
22.6907 
23.2215 
23.7583 
24.3014 
24.8505 
25.4058 
25.9672 
26.5348 
27.1085 
27.6884 
28.2744 
28.8665 
29.4647 
30.0798 
30.6796 
31.2964 
31.9192 
32.5481 
33.1831 
33.8244 
34.4717 
35.1252 
35.7847 
36.4505 
37.1224 
37.8005 
38.4846 
39.1749 
39.8713 
40.5469 
41.2825 
41.9974 
42.7184 


DiAM. 

CiRCUM. 

Inch. 

t 

23.3656 

23.5620 

t 

23.7583 

23.9547 

? 

24.1510 

24.3474 

^ 

24.5437 

24.7401 

H 

24.9364 

8 

25.1328 

t 

25.3291 

25.5255 

I 

25.7218 

25.9182 

26.1145 

f 

26.3109 

i 

26.5072 

26.7036 

t 

26.8999 

27.0963 

¥ 

27.2926 

27.4890 

? 

27.6853 

27.8817 

H 

28.0780 

9 

28.2744 

A 

28.4707 

i 

28.6671 

A 

28.8634 

i 

29.0598 

A 

29.2561 

i 

29.4525 

A 

29.6488 

i 

29.8452 

A 

30.0415 

i 

30.2379 

H 

30.4342 

f 

30.6306 

? 

30.8269 

31.0233 

H 

31.2196 

10 

I  aiA\^^  \ 

43.4455 

44.1787 
44.9181 
45.6636 
46.4153 
47.1730 
47.9370 
48.7070 
49.4833 
50.2656 
51.0541 
51.8486 
52.8994 
53.4562 
54.2748 
55.0885 
55.9138 
56.7451 
57.5887 
58.4264 
59.7762 
60.1321 
60.9943 
61.8625 
62.7369 
63.6174 
64.5041 
65.3968 
66.2957 
67.2007 
68.1120 
69.0293 
69.9528 
70.8823 
71.8181 
72.7599 
73.7079 
74.6620 
75.6223 
76.5887 
77.5613 


\ 


^^ 
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TABLB-(OiiitiMJ) 
txanATama  Tax  dux^  caauitFxaxac^  AXDiaMAaaraa 


DlXM. 

ClBCCM. 

A>E*. 

DliB. 

CmcoK. 

J^ 

Inch. 

In  h. 

31.S087 

80.5167 

1 

48.3021 

185.661! 

1 

32.2014 

82.5160 

48.6948 

188.6923 

32.6041 

84.6409 

49.0875 

]  91.7480 

b2.9S68 

86.6903 

49.4802 

194.8282 

33.3795 

83.6643 

49.8729 

1^7.9330 

33.7732 

90.7627 

16 

60.2666 

201.0624 

34.1649 

92.8868 

50.6583 

204.2162 

11 

34.5576 

95.0334 

51.0510 

207^946 

i 

34.9503 

97.2053 

51.4437 

210.5976 

35.3430 

99,4021 

51.8364 

218.8251 

35.7357 

101.6234 

62.2291 

217.0772 

36.1284 

103.8691 

52.6218 

220.3637 

36.5211 

106.1394 

53.0145 

223.65*9 

3G.913S 

108.4342 

17 

63,4072 

226.9806 

37.3085 

110.7636 

53.7999 

230.3306 

12 

37.0992 

113.0976 

54.1926 

233.7055 

38.0919 

116.4660 

64.5853 

237.10W 

38.4846 

117.8590 

54.9780 

240.6287 

38.8773 

120.2766 

65,3707 

243.9771 

39.2700 

122.7187 

55.7634 

247.4500 

39.6027 

125.18.54 

56.1561 

250.9476 

40.0554 

127.6766 

1) 

66.5488 

264.4695 

40.4481 

130.1923 

56.9415 

258.0161 

13 

40.8408 

133.7326 

67.3342 

261.6872 

41.2338 

135.2974 

67.7269 

265.1829 

41.6262 

137.8867 

68.1196 

268.8031 

42.0189 

140.6007 

68.5128 

272.4479 

42.4116 

143.1391 

58.9066 

276.1171 

42.8043 

145.8021 

69.2977 

279.8110 

43.1970 

148.4896 

,   ]  1 

59.6904 

283.5294 

43.5897 

151.2017 

60.0831 

287.2723 

14 

43.9824 

153.8384 

60.4758 

291.0397 

44.3761 

156.6995 

60.8685 

294.8312 

44.7676 

159.4853 

61.2612 

298.6483 

45.1605 

162.2958 

61.6539 

302.4894 

45.5532 

166.1303 

62.0466 

306.3650 

45.9469 

167.9896 

62.4393 

310.2462 

46.3386 

170.8735 

20 

62.8320 

314.1600 

46.7313 

173.7820 

i 

63.2247 

318.0992 

15 

47.1240 

170.7150 

i 

63.6174 

322.D630 

i 

47.5167 

179.6726 

\  { 

64.0101 

326.0614 

i 

47.9094 

lS!i.ftM& 
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TABLF,-(am«iHirt) 

XINTAISnia  THX  DIAH ,  CI&CUUPEBESCEB,  AKD  ABEAB  Or  CtBd^n. 


Dl*M. 

CIBCTIM. 

X«^. 

DUK, 

C,KC™. 

A^ 

Inch. 

Inch. 

f 

M.7955 

334.1018 

\ 

81.2889 

625.8375 

1 

85.18^2 

338.1637 

: 

6 

81.6816 

630.9304 

1 

65.5809 

342.2503 

82.0743 

536.0477 

21 

65.7S36 

346.3614 

82.4670 

641.1896 

66.3603 

350.4970 

82.8697 

546.3561 

66.7590 

3S4.6571 

■  83.2524 

551.5471 

67.1517 

358.8419 

83.6451 

556.7627 

67.5444 

363.0511 

84.0378 

562.0027 

67.9371 

367.2849 

84.4305 

567,2674 

68.3298 

371.6432 

; 

7 

84.8232 

572,6566 

68.7225 

376.8261 

85.2159 

577.8703 

S2 

69.1162 

380.1336 

86.6086 

583.2085 

69.6079 

384.4665 

8B.0013 

588.6714 

69.9006 

388.8220 

86.3940 

593.9587 

70.2933 

393.2031 

86.7867 

599.3706 

70.6860 

397,6087 

87.1794 

604.8070 

71.07B7 

402.0388 

87.6721 

610.2680 

71.4714 

406.4935 

'. 

t 

S7.9648 

815.7636 

71.8641 

410.9728 

88.3676 

621.2638 

!   I 

72.2568 

415.4766 

88.7502 

626.7982 

72.6495 

420.0049 

89,1429 

632.3574 

73.0422 

434,5677 

89.5366 

637.9411 

73.4349 

429.1352 

89.9283 

643.5494 

73.8276 

433.7371 

90.3210 

649.1821 

74.2203 

438.3636 

90.7137 

654.8395 

74.6130 

443.0146 

*. 

1 

91.1064 

660.5214 

75.0057 

447.6992 

91.4991 

666.2278 

24 

75.3984 

4513904 

91.8918 

671.9587 

75.7911 

457.1160 

92.2845 

677.7143 

76.1838 

481.8642 

92.6772 

683.4943 

76.6766 

466.6380 

93.0699 

689.2989 

76.9692 

471.4363 

93.4626 

695.1280 

77.3619 

476.2692 

93.8553 

700,9817 

77,7646 

481.1065 

■■ 

94.2480 

708,8600 

78.1473 

486.9785 

94.6407 

712.7627 

78.6400 

490.8750 

95.0334 

718.6900 

78.9327 

495.7960 

96,4261 

724.6419 

79.3254 

500.7413 

95.8183 

730.6183 

79.7181 

605.7117 

96.2115 

736,6193 

80.1108 

610.7063 

96.6042 

742.6447 

80.6035 

515.7255 

06.9969 

748.6948 

i       1    S0.S!Mi2 

620.7692 

5 
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T  A  B  L  E  -  (Cbatttwd) 


U.,  CIBCUHFEBENCIB, 

ASSABXAa 

arcnouL 

DIAB. 

Coc™. 

A^. 

Dux. 

"^T 

A,^ 

Inch. 

97  7823 

700.8685 

"17 

' 

114.2757 

1039.1946 

98!l750 

766.9921 

114.6684 

1046.3941 

98.5677 

773.1404 

115.0611 

1053.5281 

9S.9684 

779.3131 

115.4538 

1060.7317  1 

99.3531 

785.5104 

115.8465 

1067.9599  1 

99.7458 

■791.7322 

; 

116.2392 

1075.2126 

100.138a 

797.9786 

116.6319 

1082.48B8 

32 

100.5312 

804.2496 

!  17.0246 

1089.7915 

{ 

100.9240 

810.5450 

117.4173 

1097.1179 

101.3166 

816.8650 

117.8100 

1104.4687 

1 

101.7093 

823.2096 

118.2027 

1111.8441  1 

102.1020 

829.5787 

118.5964 

1119.2140  1 

102.4947 

835.9724 

118.9881 

1126.6685 

102.8874 

842.3905 

: 

i 

119.3808 

1134.1176 

103.2301 

848.8333 

119.7735 

1141.5911 

33 

103.6728 

855.3006 

120.1662 

1149.0892  ' 

j 

104.0655 

861.7924 

120.5589 

1156.6119  1 

104.4582 

868.3087 

120.9516 

1164.1591 

104.8509 

874.8497 

121.3443 

1171.7309  1 

105.2436 

881.4151 

121.7370 

1179.3271 

105.6363 

888.0051 

122.1297 

1186.9480  1 

106.0290 

894.6196 

39 

122.5224 

11S4.5934  , 

106.4217 

901.2587 

122.9151 

1202.2633  1 

106.8144 

907.9224 
914.6105 

123.3078 

1209.9577  1 

107.3071 

123.7005 

1217.6768 

107.5998 

921.3232 

124.0932 

1225.4203  , 

107.9925 

928.0605 

124.4859 

1233.iaS4 

108.3852 

934.8223 

124.9787 

1240.9310 

108.7779 

941.6086 

125.2713 

1248.7982  | 

109.1706 

948.4195 

40 

125.6640 

1256.6400 

109.5633 

965.2550 

126.0567 

1264..W62 

35 

109.9560 

962.1150 

126.4494 

1272.3970 

110.3487 

968.9995 

126.8421 

1280.3124 

110.7414 

975.9086 

127.2348 

1288.2523 

111.1341 

982.8422 

127.6275 

1296.216* 

111.5268 

989.8003 

128.0202 

1304.2057 

111.9195 

996.7830 

128.4129 

1312.2193 

112.3122 

1003.7902 

a 

128.8056 

1320.2574  1 

112.7049 

1010.8220 

129.1983 

1328.3200  i 

36 

113.0976 

1017.8784 

129.5910 

1336.4071 

t 

113.4903 

1024.9aS2 

129.9837 

1344.5189 

113.6830 
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T  A  B  L  E  —  (CbnWnwed) 
OKTAININO  THE  DIAM.,  OIBCUMFEBENCES,  AND  ABEA8  OF  OIBCLE& 


DiAM.  ClBCUlf. 


Inch. 

f 

42 


{ 


43 


44 


45 


46 


J 


130.7691 
131.1618 
131.5546 
131.9472 
132.3399 
132.7326 
133.1253 
133.5180 
133.9107 
134.3034 
134.6961 
135.0888 
135.4815 
135.8742 
136.2669 
136.6596 
137.0523 
137.4450 
137.8377 
138.2304 
138.6231 
139.0158 
139.4085 
139.8012 
140.1939 
140.5866 
140.9793 
141.3720 
141.7647 
142.1574 
142.5501 
142.9428 
143.3355 
143.7382 
144.1209 
144.5136 
144.9063 
145.2990 
145.6917 
146.0844 
146.4771 
246.8698 


Area. 


1360.8159 
1369.0012 
1377.2111 
1385.4456 
1393.7045 
1401.9880 
1410.2961 
1418.6287 
1426.9859 
1435.3675 
1443.7738 
1452.2046 
1460.6599 
1469.1397 
1477.6342 
1486.1731 
1494.7266 
1503.3046 
1511.9072 
1520.5344 
1529.1860 
1537.8622 
1546.5530 
1555.2883 
1564.0382 
1572.8125 
1581.6115 
lb90.4350 
1599.2830 
1608.1555 
1617.0427 
1625.9743 
1634.9205 
1643.8912 
1652.8865 
1661.9064 
1670.9507 
1680.0196 
1689.1031 
1698.2311 
1707.3737 
I7I6.5407 


DiAM. 


Inch. 


ClBCUM. 


147.2625 
147.6552 
148.0479 
148.4406 
148.8333 
149.2260 
149.6187 
150.0114 
150.4041 
150.7968 
151.1895 
151.5822 
151.9749 
152.3676 
152.7603 
153.1530 
1.53.5457 
153.9384 
154.3311 
154.7238 
155.1165 
155.5092 
155.9019 
156.2946 
156.6873 
157.6800 
157.4727 
157.8654 
158.2581 
158.6508 
159.0435 
159.4362 
159.8289 
160.2216 
160.6143 
161.0070 
161.3997 
161.7924 
162.1851 
162.5778 
162.9705 


Abba. 


1725.7324 

1734.9486 
1744.1893 
1753.4545 
1762.7344 
1772.0587 
1781.3976 
1790.7610 
1800.1490 
1809.5616 
1818.9986 
1828.4602 
1837.9364 
1847.4571 
1856.9924 
1868.5521 
1876.1365 
1885.7454 
1895.3788 
1905.0367 
1914.7093 
1924.4263 
1934.1579 
1943.9140 
1953.6947 
1963.5000 
1973.3297 
1983.1840 
1993.0529 
2002.9663 
2012.8943 
2022.8467 
2032.8238 
2042.8254 
2052.8515 
2062.9021 
2072.9764 
2083.0771 
2093.2014 
2103.3502 
,  2113.5236  I 


THE    ENOINBEIl's    HAHDT-BOOK. 


Dun. 

CIKO™. 

A.„.       j      „ 

UM,           ClBnFK.              ASMi.      1 

Iiieti. 

J 

ch 

163.7569 

2133.9440 

180.2493 

2685.4603 

j 

164.1486 

2144.1910 

180.6423 

2596.72ST 

164.6413 

2154.4620 

181.0347 

260e.03U 

164.9340 

2164.7587 

181.4274 

2619J680 

165.3267 

2175.0794 

181.8201 

2630.70H 

165.7104 

2186.4245 

58         182.2128 

2642.0866 

166.1121 

21B5.7B43 

182.6055 
182.9982 

2653.4861 

166.6048 

2206.1888 

2664.9112 

166.8975 

2216.6074 

183.3909 

2676.3609 

167.2902 

2227.0507 

183.7836 

2687.8361 

167.6829 

2237.5187 

184.1763 

2699.33S8 

168.0766 

2248.0111 

184.5690 

2710£6n 

168.4683 

2258.5281 

184.9617 

2722-4050 

168.8610 

2269.0696 

58         185.3544 

2733.8774 

1695537 

2279.6367 

186.7471 

2746.674S 

5j 

109.6464 

2290.2204 

186.1398 

2757.1967 

170.0391 

2300.8415 

186.5325 

2768  J418 

170.4318 

2311.4812 

186.9252 

2780.5123 

170.8245 

2322.1455 

187.3179 

2792.2074 

171.2172 

2332.8343 

187.7106 

2803.9270 

171.6099 

2343.5477 

188.1033 

2815.6712 

172.0026 

2354.2855 

60        188.4960 

2827.4400 

172.3593 

2365.0480 

188.8887 

2839.2332 

I  i 

172.7880 

2375.8360 

189.2814 

2S51.0510 

173.1807 

2386.6465 

189.6741 

2862.8934 

173.5734 

2397.4825 

190.0668 

2874.7603 

173.9661 

2408.3432 

190.4695 

2886.6517 

174.3688 

2419.2283 

190.8522 

2898.5677 

174.7515 

2430.1833 

191.2419 

2910.5083 

175.1442 

2441.0772 

61         191.6376 

2922.4734 

175.5360 

2452.0310 

192.0303 

2934.4630 

56 

175.9296 

•2463.0144 

192.4230 

2946.4771 

176.3323 

2474.0222 

192.8157 

2958.6139 

176.7150 

2485.3546 

193.2084 

2970.5781 

177.1077 

2496.1116 

193.6011 

2982.6669 

177.6004 

3607.1931 

193.9931 

2994.7792 

177.8931 

2518.2992 

194.3865 

3006.9161 

178.2858 

2529.4237 

62         194.7792 

3019.0778 

178.6786 

2543.5849 

i          195.1719 

3031.2635 

57 

179.0712 

2651.7646 

4  195.5046 

5  195.9673 

3043.4740 

179.4639 

2662,9688 

3055.7091 

/         179.8666 
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TABLE-{0>n«»M<fl 
■nwTiTWtwa  THX  KUM.,  cmcOHFIlKENCES,  AND  ABXAS  OF  CIBCISa. 


DI.M. 

c^-. 

A.^. 

ClAU. 

C,^«. 

^^ 

Imh 

Incb. 

i' 

196.7427 

3080.2529 

i 

213.2361 

3618.3300 

I 

197.1354 

3092.5615 

68 

3631.6896 

I 

197.5281 

3104.8948 

i 

214.0215 

3645.0536 

^ 

197.B208 

3117.2526 

214.4142 

3658.4402 

i 

19S.3135 

3129.6349 

3671.8554 

198.7062 

8142.0417 

1 

21-5.1996 

3685.2931 

199.0989 

31644732 

216.5923 

3698.7554 

199.4916 

3166.9291 

i 

215.9850 

3712.2421 

199.8843 

3179.4096 

216.3777 

3725.7535 

200.2770 

3191.9146 

69 

216.7704 

3739.2894 

200.6697 

3204.4442 

217.1631 

3752.8498 

04 

201.0634 

3316.9984 

217.6658 

3766.4327 

201.4551 

3220.5770 

217.9485 

3780.0443 

301.8478 

3242.1782 

218.3412 

3793.6783 

202.2405 

3254.8080 

218.7339 

3807.3369 

302.6332 

3267.4603 

219.1266 

3821.0200 

203.0269 

3280.1372 

219.5193 

3834.7277 

203.4186 

3292.8385 

1 

219.9120 

3848.4600 

203.8113 

3305.5645 

220.3047 

3862.2167 

(5 

204.2040 

3318.3151 

220.6974 

3875.9960 

204.5917 

,  3331.0900 

221.0901 

3839.8039 

204.9894 

3343.8875 

221.4828 

3903.6343 

205.3821 

3356.7137 

221.8785 

3017.4893 

205.7748 

3369.5623 

3931.3687 

206.1675 

3382.4355 

222.6609 

3945.2728 

200.6602 

3395.3333 

71 

223.0530 

3959.2014 

206.9629 

3408.2555 

223.4463 

3973.1545 

(1 

207.3156 

3421.2024 

223.8390 

3987.1301 

207.7383 

3434.1737 

224.2317 

4001.1344 

208.1310 

3447.1676 

224.6244 

4015.1611 

208.6237 

S468.1901 

225.0171 

4029.2124 

208.9164 

3473.2351 

225.4098 

4043.2883 

209.3091 

3486.3047 

236.8025 

4057.3886 

209.7018 

3499.3987 

72 

226.1952 

4071.5136 

210.0945 

3512.5174 

226.5879 

4085.6631 

( r 

210.4872 

3625.6606 

1 

226.9806 

4099.8350 

210.8799 

3538.8283 

227.3733 

4114.0356 

211.2726 

3552.0183 

1 

227.7660 

4128.2587 

211.6653 

3565.2374 

228.1587 

4143.5064 

212.0580 

3578.4787 

228.6614 

4156.7785 

212.4507 

3591.7446 

228.9441 

4171.0763 

212,8434 

3605.0350 

7 

3 

aa.'j.-ia&ft 

WfeSJiS*. 
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TABLE-(Ci»«ii««i) 
THE  DUK.,  CtBCUKI-ERBNCSa,  ASO  ABEAS  <V  COOM. 


aiAM. 

Cmc™. 

ABEi. 

DlAS. 

c™... 

Abel 

Intb 

In  h. 

229.7295 

4199.7424 

246.2229 

4S24.4299 

230.1222 

4214.1107 

246.6156 

4839.8311 

230.S149 

4228.5077 

247.0083 

4855.2568 

230.9076 

4242.9271 

247.4010 

4870.7071 

231.3003 

4257.3711 

247.7937 

4886.1820 

231.6930 

4271.8396 

79 

248.1864 

4901.6814 

232.0857 

4286.3327 

248.5791 

4917.2053 

74 

232.4784 

4300.8504 

248.9718 

4932.7517 

232.8711 
233.2638 

4315.3926 
4329.9572 

249.3646 
249.7572 

4948.32M 
4963.9243 

233.6565 

4344.5505 

250.1499 

4979.5456 

234.0492 

4359.1663 

"250.5426 

4995.1930 

234.4419 

4373.8067 

250.9353 

5010.8642 

234.8346 

4388.4715 

80 

251.3280 

5026.6600 

235.2273 

4403.1610 

251.7207 

6042.2803 

:  i 

235.6200 

4417.8750 

252,1134 

5068.0230 

230.0127 

4432.6135 

252.5061 

6073.7944 

230.4054 

4447.3745 

252J9S8 

5089.5883 

236.7981 

4462.1642 

253.2915 

5106.4060 

237.1908 

4476.9763 

253.6842 

5121.2497 

237.5835 

4491.8130 

254.0769 

5137.1173 

237.9762 

4506.6742 

)1 

264.4696 

5153.0091 

238.3689 

4521.5600 

254.8623 

6168.9260 

'i ) 

238.7S16 

4536.4704 

255.2550 

6184.8651 

239.1543 

4551.4023 

255.6477 

5200.8329 

239.5470 

4566.3626 

256.0404 

.52nj.823l 

239.9397 

4.581.3486 

256.4331 

5232.8371 

240.3324 

4506.3571 

256.8258 

5248.8772 

240.7251 

4611.3902 

257,2105 

5264.9411 

241.1178 

4626.4477 

)  i 

257.6112 

52H1.0:d96 

241.5106 

4641.3299 

2.58.0039 

6287,1426 

7  ■ 

241.9032 

4656.6366 

258.3966 

5313.27  SO 

242.2959 

4671.7678 

258.7893 

5329.4421 

242.0886 

4686.9215 

259,1820 

5345.6287 

243.0813 

4702.1039 

259.5747 

6361.8391 

243.4740 

4717.3087 

259.9674 

6378.0755 

1 

4732.5381 

260.3601 

5394.3358 

} 

244/:i.->04 

4747.7920 

i  ! 

260.7528 

5410.6206 

1 

24-),fi521 

4763.0705 

i 

261.1455 

5426.9299 

245.0448 

4778.3736 

I 

261.5382 

5443,2017 

i 

245.4376 

4793.7012 

\      \ 

261,9309 

6459.6222 

245.8302 

4STO.tib\'i 

\  IBlKOfe 
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T  A  B I^  E  -  «*»«»w*) 
OOMTAIMIHCI THX  QlAM.,  CIRCUWBrWciS,  AND  ABJIAB  OT  i 


Dun. 

c™™. 

Ama.             Du 

If.             ClBCOH. 

A^ 

Inch. 

In 

1 

262.7163 

6492.4118 

279.2097 

6203.6906 

263.1090 

5508.8446          8 

S         279.6024 

6221.1534 

263.5017 

6525.3012 

279.9951 

6238.6408 

84 

263.3944 

6541.7824 

280.3878 

6256.1507 

i 

284.2871 

6558.2881 

280.7806 

6273.6893 

2tr4.6798 

5574.81R2 

281.1732 

6291.2503 

265.0725 

5591.3730 

281.5659 

8308.8351 

265.4652 

6607.9523 

281.9586 

6326.4460 

265.857B 

5824.6554 

282.3513 

6344.0807 

266.2506 

5641.1845          9 

0         282.7440 

6361.7400 

266.S433 

5657.8357 

283.1367 

6379.4238 

85 

267.0360 

5674.5150 

283.6294 

6397.1300 

267.4287 

5891.2170 

283.9221 

6414.8649 

267.8214 

5707.9415 

284.3148 

6432.6223 

268.2141 

5724.6947 

284.7076 

6450.4039 

268.8068 

5741.4703 

285.1002 

6468.2107 

268.9997 

6758.2697 

285.4929 

6488.0418 

269.3922 

5775.0952          9 

1         285.8856 

6503,8974 

269.7849 

5791.9445 

286.2783 

6521.7772 

86 

•270.1776 

5308.8184 

286.6710 

6539.6801 

270.5703 

5825.7168 

287.0637 

6557.6114 

270.9630 

5842.6376 

287.'4564 

6573.5661 

271.3557 

5859.5871 

287.8491 

6693.5431 

271.7484 

5876.6591 
5893.5549 

288.2418 

6611.5462 

272.1411 

288.6346 

6629.6736 

272.5338 

5910.5767          ! 

2         289.0272 

6647.8258 

272.9265 

5927.6224 
5944.6926 

2B9.4199 

6665.7021 

f  ' 

273.3192 

289.8125 

6683.8010 

273.7119 

5961.7873 

290.2053 

6701.9286 

274.1046 

5978.9045 

290.5980 

6720.0787 

274.4973 

5996.0504 

290.9907 

6738.2630 

274.8900 

6013.2187 
8030.4108 

291.3834 

8756.4526 

275.2B27 

291.7661 

6774.6763 

275.6754 

6047.6290         9 

3         292.1688 

6792.9248 

276.0681 

6064.8710 
6082.1376 

292.5615 

6SU.1974 

t  1 

276.4608 

292.9542 

6829.4927 

276.8535 

6099.4287 

293.3469 

6847.8167 

277.2462 

6116.7422 

293.7396 

6866.1631 

277.6389 

6134.0844 

294.1323 

6884.6338 

278.0316 

6151.4491 
6169.8376 

294.6350 

6902.92M 

278.4243 

294.9177 

6921.3497 

278.8170 

6186.2591           9 

4        '2.^&3,\M, 

V  WSS4:iW>\ 
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OOXTAimMO  THB  D 


CIBCVMFXKKMCl^  i 


D  *«gt«  or  dBoun 


Diiit 

ClBCUlt 

A1.U. 

DlAM. 

CIBCUM. 

^ 

laah. 

' 

Inch. 

295.7031 

6958.2636 

305.1279 

7408.8868 

296.0958 

6976.7552 

305.5206 

7427.9675 

296.4885 

6995.2755 

305.9133 

7447.0769 

296.8812 

7013J183 

306.3060 

7466.20S7 

297.2739 

7032.3853 

306.6987 

7485.3648 

297.6666 

7050.9775 

307.0914 

7504.5460 

298.0593 

7069.5940 

307.4841 

7523.7515 

95 

298.4520 

7038.2352 

98 

307.8768 

7542.9818 

298.8447 

7106.9005 

308.2695 

7562.2362 

299.2374 

7125.5885 

308.6622 

7581.5132 

299.6301 

7144.3052 

309.0549 

7600.8189 

300.0228 

7163.0443 

309.4476 

T620.1471 

300.4156 

7181.8077 

309.8403 

7639.499S 

300.8082 

7200.5962 

310.2330 

7658.8771 

301.2009 

7219.4090 

310.6257 

7678.2790 

i  i 

301.5936 

7238.2466 

t  1 

311.0184 

7697.7056 

301.9863 

7257.1083 

311.4111 

7717.1563 

302.3790 

7275.9926 

311.8038 

7736.6297 

302.7717 

7294.9056 

312.1965 

7T56.1318 

303.1644 

7313.8411 

312^92 

7775.6563 

303..5571 

7332.8008 

312.9819 

7795.2(61 

303.9498 

7351.7857 

313.3746 

7814.7790 

301.3425 

7370.7949 

313.7673 

7S34.3772 

5  r 

304.7352 

7389.8288 

100 

314.1600 

78.>1.0000 

For  circumference  of  drcles  laiger  than  those  given  in  tl 
table,  multiply  the  diameter  by  3,1416. 

Example.— Diameter  101"  x  3,1416  =  317,3016. 

For  areas  larger  than  those  in  the  table,  tnultipl;  the  squ) 
of  the  diameter  by  the  decimal  .7854. 

Example.— 101  inchesx  101  =10201 X  .7854  =  8011,86  sq.  ii 


THE    EKQINEEK^S    HANDY-BOOK. 


827 


Weights  and  Measures. 

lere  have  been  innumerable  systems  of  weights  and  measures, 
country,  until  recently,  having  its  own  system.  In  fact,  in 
ler  years  different  provinces  of  the  same  country  often  used 
ily  differing  systems.  Of  late  years,  however,  the  tendency  has 
toward  the  adoption  of  a  common  decimal  system, — that  is,  a 
im  in  which  one  unit  contains  ten  of  the  units  of  the  next  smaller 
»mination.  The  metric  system,  which  is  a  decimal  system,  based 
he  meter,  a  certain  fixed  unit  of  length,  and  the  gram,  the 
ht  of  a  fixed  volume  of  water  at  a  certain  fixed  temperature, 
been  adopted  by  many  of  the  European  and  American  coun- 
Great  Britain  and  the  United  States,  however,  still  retain 
-  old  system  of  weights  and  measures,  but  it  is  to  ,be  hoped 
the  much  simpler  metric  system  will  be  adopted  in  time.  The 
wing  tables  contain  the  units  in  both  systems  and  their 
valents. 

American  System. 

MEASURES  OF  LENGTH. 


Lie. 

Furlongs. 

ChaiDS. 

Rods. 

Yards. 

Fe^t. 

Inches. 

I 

8 

80 

820 

1760 

5280 

63360 

1 

10 

40 

220 

660 

7920 

• 

> 

0.1 

1 

4 

22 

66 

792 

L25 

0.025 

0.25 

1 

5.5 

16.5 

198 

>6818 

0.0045454 

0.45454 

0.181818 

1 

8 

36 

18939 

0.00161615 

0.01516151 

0.0606060 

0.38383 

1 

12 

)15783 

0.000126262 

0.001262626 

0.00505050 

0.00277777 

0.088888 

1 

MEASURES  OF  SURFACE. 


MUe. 

1 

)62 

.562 

K)9764 

K)0323 

K)00358 

W00025 


I 


Acres. 

640 
1 
0.1 

0.00625 
0.0002066 
0.00002296 
0.000000159 


S.  Chains. 

6400 
10 
1 
0.0625 
0.002066 
0.0002296 
0.00000159 


Sq.  Rods. 

102400 

160 

16 

1 

0.0330 

0,00367 

0.00002552 


\ 


Sq.  Yards. 

3097600 

4840 

484 

30.25 

1 

O.IUUU 


Sq.  Feet. 

27878400 

48560 

4356 

272.25 

9 

1 


Sq.  Inches. 

4014489600 

6272640 

627264 

89204 

1296 
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MEASURES  OF  CAPiCITY. 

eali.Yud. 

6.03961 
•  0.037037 
■   0.009259 

BuBhels. 

21.6962 

1 

0.803564 

0.25 

0.107421 

Cub,  Faet. 

27 
1.24445 

1 
0.31114 
0.133681 
0.OOO547 

PeckB, 
100.B87 

4 
3.21425 

1 
0.429684 
0.001860 

Oalloiu. 
201.974 
9.30918 
7.4805 
2.32729 

1 
0.004329 

CdlLlOCh. 

466S« 

2i5a« 

173S 

b'ss.m- 

231 
1 

,                                                      LIQUID  MKASHRE. 

Gallon, 
1 
0.25 
0.12.5 
0.03125 
0.00432S 

Quarts. 

4 

1 
0.5 
0.125 
0,017315 

PintH. 
8 
2 

1 

0.03463 

oiiis. 

8 
4 

0.13S58 

Cub.  Inch. 

221 

57.76 

28,875 

7.21875 

1 

MEASURES  OF  WErGHTS. 

AVOIBDDPOia. 

Ton. 
1 

0.05 

0.00044642 
0.00002790 
0,00000174 

Cvrt. 

20 

1 

0,0089285 

0.000558 

0.000034S 

2240 
112 

0.0625 
0.0016 

35840 

1792 

16 

I 

0.0825 

Drum. 

573440 

2S672 

2£6 

IS 

. 

TROY. 

PoundB, 
1 
0.083333 
0.004166 
0.0001736 
1.215275 

OaDC«. 
]2 
1 

0.0500O 

0.00208.3333 

14.58333 

Dwt. 
240 
20 

1 
0,0416666 

291.6666 

5760 

480 

24 

1 

7000 

Pound  ATob, 
0,822861 
0.068671 
0.00342SS 
0. 00014289 
1 

APOTHECARIES. 


Pound, 

Ounces. 

Drama. 

scruple.. 

Gialu, 

0.08333 
0.01041666 
0.0034722 
0.00017361 

12 

0,125 

0.0416666 

0.002083S 

96 

8 

1 

24 

3 

I            I 

6760 
480 
60 
20 
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Metric  System. 

MEASURES  OF  LENGTH. 

illimeters  (mm.)  =  1  centimeter,  cm., 

mtimeters,  1  decimeter,  dcm., 

3cimeters,  1  meter,  me., 

.eters,  1  dekametier,  dkm., 

3kameters,  1  hectometer,  hm., 

^ctometers,  1  kilometer,  km., 

ilometers,  1  myriameter,  mym., 

MEASURES  OF  SURFACE. 


.3937  inch. 
3.937  inches. 
.39.37  inches. 
393.7  inches. 
328  ft.  1  in. 
3280  ft.  10  in. 
6.2137  miles. 


miUimeterA  (mm*.)  =  1  sq,  cerUimeter,  cm'.,  =  .00156  sq.  iui 
centimeters,  1  sq. decimeter, dcm'.,   .1076 sq.ft. 

decimeters,  1  sq.  meter,        m'.,    11.96  sq.  yd. 

Also, 
itiares  (ca.),  or  sq.  me.,  =  1  are,       ar.,  =     119.6  sq.  yd. 
is,  1  hectare    ha.,         2.471  acres. 

MEASURES  OF  CAPACITY. 

!i.  millimeters  (mm*.),   1  cu.  centimeter,  cm'.,  =  .061  cu.  in. 
u.  centimeters,  1  cu.  decimeter,  dcm'.,  61.022  cu.  in. 

u.  decimeters,  1  cu.  meter,        m'.,    1.308  cu.  yd. 

Also, 

isteres  (dcs.)  =  1  stere,  or  cu.  meter,  st.,  =  1.308  cu.  yd. 
es,  1  dSkastere,  dks.,      13.08  cu.  yd. 

And 

LIQUID  MEASURE. 

—  1  centiliter,        cl.,   =  .338  fluid  oz. 
1  deciliter, 

1  LITER, 

1  dekaliter, 
1  hectoliter, 
1  kiloliter, 


illiliters  (ml.) 

intiliters, 

jciliters, 

:ers, 

ikaliters, 

ctoliters, 


del.,       .845  liq.  gill. 
It,        1.0567  liq.  qt. 
dkl.,       2.6417  liq.  gal. 


»            THE' 

ENGIKEER'a     HANDY- 
MEASURES  OF  WEIGHT. 

1 

BOOK. 

mg.) 

=  1  centigram,      eg., 

=  .1543  gTMD. 

10  centignunB, 

1  decigram,     dcg.. 

1.543  gmim 

10  (ledgniins, 

1  Gram,          gm., 

15.432  grains, 

lOgramB, 

1  dekagram,   dkg., 

.3527  av.  oi. 

lO  dekagrams. 

1  hectogram,     hg., 

3.6274  ay.  ot 

10  hectognunei, 

1  kilogram,          k., 

2.2046  av.  lb. 

1  myriagram,  myg.. 

22.046  av.  lb, 

10  myriagraiM, 

1  quiatal,             q.. 

220.46  av.  lb. 

10  qnintale. 

1  ionneau,            L, 

2204.6  av.  lb. 

COHFABATIVS  TABLK  OV  TBI  EHQUBtl  (AMSSICAK)  AMD  MKSK 


An  inch  =  2.54  oentimetetB. 
A  foot  =  30.48  centimtiers. 
'  A  mile  =  1.6094  kilometers. 
A  sq.  inch  =  .0006452  sq.  meter. 


Asq.  foot 

A  aql  yd.  = 

Aaq.  rod  = 

An  acre  = 


.0929  sq.  I 
,8362  sq.  meter. 
.2529  are. 
.4047  hectares. 


A  sq.  mile  =  259  hectares. 


A  gallon 
A  bushel 
Acu.  inch 
Acq.  yard 
A  cord 
A  gnm 
A  Troy  lb. 
An  av.  lb. 
A  com.  ton 


=^  3.786  IHesL 

=  3624hectoiita 
=  .01639  mer. 
=  .7646Bta<L 
=  3.625  Btere. 
=  .0648g;nun. 
=  .373  kilo. 
=  .4536  kilo. 
=  .9071 1 


1  cord 


MISCELLANEOUS  HEABUBIS. 
=  4ft.X4ft.X8ft.  =  128  cubic  feet. 


1  knot  or  nantical  mile 
1  gallon  (U.  S.) 
1  barrel 
1  hogshead 
1  pound  avoirdupois 
1      "      troy 
1     "      apothecaries 
1  board  foot 
in  board  measure,  boards  a 


=  6080.26  feet 
=  231  cubic  inchea. 
=  31^  gallons, 


=  7000  grains. 

=  5760     " 

=  6760     " 

=  12  in.X  12  in.X  1  in.  thick— i  t 

.   „ , . e  afisuoied  to  be  one  inch  thick.  Hou 

*  to  Snd  the  board  feel  in  an^  ^iene  <kt  \,\m.Vie.t,  miiUi^ly  l^gA  i 
ifeet  bv  breadth  in  feet  bj  tUw^esB  ia  Vq'3'«*- 


THE     engineer's     HANDY-BOOK.  831 

QUESTIONS. 

What  does  the  sign  +  mean  ? 
What  is  the  sign  of  a  proportion  ? 
What  is  the  Roman  notation  corresponding  to  277 
What  does  4 : 2  mean  ?     What  is  it  equal  to  ? 
What  is  the  rule  of  three  ? 
What  is  the  sixth  power  of  5  ? 
What  is  the  cube  root  of  125? 
What  is  the  square  of  10.1? 
What  is  the  square  root  of  198  from  the  tables? 
Find  the  value  of  x  in  the  equation  10  a:  +  9  =  4  a;  +  21. 
What  is  the  logarithm  of  74.6  ? 
Divide,  using  logarithms,  64.2  by  2.34. 
What  is  the  10th  power  of  1.2? 
What  is  the  square  root  of  8.64? 
What  is  a  regular  polygon  ? 
What  is  a  hexagon  ? 
Define  a  circle. 
Define  a  sphere. 

How  would  you  calculate  the  area  of  any  parallelografh  ? 
How  find  the  area  of  a  circle  ? 
How  find  the  cubical  contents  of  a  cylinder? 
How  obtain  the  volume  of  a  sphere  ? 
What  is  a  spheroid  ?    How  obtain  its  volume  ? 
How  obtain  the  area  of  an  ellipse  ? 
Give  rule  for  obtaining  the  volume  of  a  pyramid. 
How  obtain  the  contents  of  the  frustum  of  a  cone  ? 
How  would  you  obtain  the  cubic  contents  of  an  irregular  piece 
stone  ? 

How  could  you  obtain  the  number  of  gallons  contained  in  a 
sk? 

What  is  the  relation  between  a  pound  Troy,  a  pound  avoirdu- 
is,  and  a  pound  apothecaries  weight  ? 
What  is  the  relation  between  a  foot  aivd  «b  cfctA.\m^V\^*l 
ffow  many  litres  are  equivalent  to  10  ^«XVQ3as»*l 
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?ioNlB  of  technical    terms 
ed  to  engines,  508,  512. 
TO  of  temperature,  87. 
Q,  definition  of,  7. 
between  mass,  force,  and, 

)rs,  electric  {aee  also  Storage 

jries),  682. 

urve,  507. 

387,  507. 

112-125. 

>8. 

)rs,  55-59. 

2,  63, 123. 

4. 

cket,  588,  589. 

acting,  588. 

£,589. 

588. 

:,  588. 

!9. 

588. 

r  condensers,  570,  582. 

r. 

f,  at  various  temperatures, 
L23. 
633. 

f  currents,  690. 
sasured  by  barometer,  121. 
•mometer,  134 
ion  of  zincs  for  batteries, 

1. 

rometer,  120. 

Ivance  or  angular  advance, 

irer,  26. 

•r,  electric,  760. 

i3'  measure,  828. 

ion,  778. 

35-738. 

es,  tables  of.  815, 

77,  '    *  ' 


Armature  reaction  in  dynamos,  698. 
Armatures  of  dynamos,  691. 
Armington  &  Sims*  engine,  448. 
Ash-pit,  208. 
Assymptote,  507. 
Atmosphere,  116. 

Atmospheric  pressure,  117,  118,  120. 
Atomic  weights,  table  of,  612. 
Atoms  and  molecules,  611. 
Automatic  cut-off,  346-351. 

and  throttling  engines,  compari- 
son of,  346-351. 

engines  {see  Engines), 
stoking  of  boilers,  293-300. 
Avoirdupois  weight,  828. 
Axle,  the  wheel  and,  20. 

Babbitt  metal,  633. 
Babcock  <&  Wilcox  boilers,  168. 
Banking  fires  of  boilers,  211. 
Barometer,  119,  120,  i21. 
Barr  jet  condenser,  582. 
Beams,  safe  load  of,  652,  654. 

steel,  653,  654. 

uniformly  loaded,  653. 

wooden,  651. 
Bearings  {see  Journals). 
Beds  of  engines,  358. 
Bellpaire  boiler,  180. 
Bells,  electric,  758. 
Belting,  33-45. 

Belts,  calculation  of  width  of,  38,  42, 
43,  44. 

calculation  of  length  of,  38,  44. 

leather,  34,  35,  37.     . 

power  transmitted  by,  42. 

requirements  for  proper    running, 
35,  36,  37,  44. 

rubber,  33, 

velocity  oi,  "Sa,  4ft,  4.\. 
Belt  Tiveta,  ta\A«i  ol  T^xvcc^isst  ^^x  vs^^^^ 
6W7. 
tig\\t©i\feTa,  ^ . 
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Blast-pipe,  208. 
Blow-off  cocks,  208. 
^oard  measure,  830. 
toiler  chimneys  and  stacks,  302-309. 

compounds,  203. 

explosions,  207. 

flues,  210. 

furnace.  Fox's  corrugated,  288. 
Morrison  suspension,  288. 

furnaces,  180,  287. 

grates,  290-293. 

iron  and  steel,  193,  197,  624. 

materials,  192. 

plates,  specifications  for,  197. 
thickness  of,  196. 

stays,  190,  197. 

tubes,  197. 
Boilers,  160-214. 

advantages  of  water-tube,  169. 

automatic  stoking  of,  293-300. 

Babcock  &  Wilcox,  168. 

Bellpaire,  180. 

care  and  management  of,  198-208. 

caulking  of,  201. 

Cornish,  160. 

cylindrical,  160. 

evaporative  power  of,  182. 

fire-tube,  165. 

firing  of,  199,  293,  298. 

Galloway,  160. 

grate  surface  per  horse-power  of,  183. 

importance  of  correct  supply  of  air 
to,  242. 

Lancashire,  160. 

locomotive,  177 

marine,  172-177. 

Martin's,  175. 

oil  used  as  fuel  in,  109,  300. 

priming  of,  206. 

rating  of,  182. 

return  tubular,  165. 

riveted  joints  of,  188. 

scale  and  corrosion  in,  202. 

strength  of,  187. 

technical  terms  used  with,  208. 

tubular,  Kio. 
Boiling-point  of.  water,  133,  134. 
Boiling-points  of  liquids,  92. 
Bolts  and  nuts,  639-G41. 

breaking  strain  of,  640. 

table  of  weights,  640. 
Bourdon  steam  gauge,  225. 

We's  Jaw  for  gases,  112, 113. 
,  632. 

,  table  of  weights,  6'M. 
)ts,  table  of  weights,  630,  63^. 


Brass  tube,  table  of  weights,  636i 

Brasses,  371, 456. 

Brick  and  brickwork,  620. 

Bronze,  633. 

Buckeye  engine,  436. 

Buoyancy  of  water,  135. 

Burglar  alann,  761. 

Bos-bars  on  electric  switch-boaids,  791 

Buzzers,  electric,  759. 

By-passes,  286. 

Cablbs,  electric,  727. 

Calcalation  of  indicated  hone-powo^ 

528. 
Calorific  value  of  coals,  106,  107. 
Cai>acity,  measures  of,  828. 

of  tanks  and  cisterns,  137, 13S.  ' 
Carbon,  104. 

effect  on  strength  of  steel,  622. 
Cards,  indicator  (see  Indicators). 
Casks,  rule  for  finding  capacity  ol|  814. 
Cast-iron  {see  Iron), 
Castings,  shrinkage  of,  645. 

table  for  finding  weight  of^  645l 
Cathode,  657. 
Caulking  of  boilers,  201. 
Cement,  468. 

Centennial  rating  of  boilers,  182. 
Centigrade  thermometer  scale,  87. 
Centrifugal  fans,  power  required  for,31 

governors,  409. 
Chains,  table  of  sizes,  weights,  anc 

strength,  650. 
Characteristic  curve  of  dynamos,  6^ 
Charcoal,  104,  105. 
Charles'  law  for  gases,  113. 
Check  valves,  208,  243,  474. 
Chemical  elements,  612. 
Chimneys,  302,  309. 
Circles,  tables  of  circumferences  an* 

areas,  815-826. 
Circuit  breakers,  705. 
Circulating  pumps,  570,  582. 
Circumferences  of  circles,  815. 
Cisterns  and  tanks,  table  of  capaciti« 

of,  137,  138. 
Clearance,  517,  535. 
Clutch  couplings,  54. 
Clutches,  friction,  52,  53,  54. 
Coal,  chemical  constituents  of,  103. 

classification  of,  108. 

relative  values  of,  105,  106,  107. 

?»VL^^  of,  108. 


INDEX. 


835 


C3oke,  105. 

CDollapsipg  pressure   of  boiler   flues, 

rule  for,  189,  287. 
CDolors  of  iron  at  difierent  tempera- 
tares,  91. 
Oolnmns,  653. 
^Combustibles,  relative  values  of,  105, 

108,  109. 
^^orabustion,  98-102. 
heat  of,  100. 
products  of,  102. 
spontaneous,  100-102. 
Commutators  of  dynamos,  690. 
Composition  of  forces,  17. 
Compound  dynamos,  695,  697. 

engines,  339,  458,  465. 
Compressed  air,  flow  of,  through  pipes, 

62,  63. 
Compression  in  engines,  508, 520/ 

curve,  520,  522. 
Compressive  strength    {see  Crushing 

Strength). 
Compressors,  air,  55. 
Condensers,  569h592. 
injection  water  required,  573. 
iigector,  591. 
table  of  pressure  and  temperature 

in,  572.    . 
vacuum  of,  574. 
Wheeler  surface,  580. 
Condensing  engines,  economy  of,  336- 

339.    . 
Conducting  power  of  substances  for 

heat,  95,  96. 
Conduction  of  heat,  94. 
Conductivity,  electrical,  665. 
Conductors,  electrical,  667,  714,  719, 

727. 
Cone,  811,  813,  814. 
Connecting  rod,  368,  370. 
Conservation  of  energy,  14. 
Consumption  of  water   in    difl^erent 

types  of  engines,  357. 
Contents  of  vessels  {see  Capacity  and 

Measures). 
Convection  of  heat,  94. 
Cooling  of  liquids  and  solids,  96. 
Copper,  631. 
alloys,  632. 
burs,  table  of  number  per  pound, 

637. 
rod,  table  of  weights,  634. 
sheets,  table  of  weights,  630,  636. 
,    tnhe,  table  of  weights,  635. 
wire,  electrical  tables,  722-724. 
tensile  strength  of,  723, 


Corliss  engines,  424-432. 
Corrosion  of  boilers,  202. 
Corrugated  furnaces  and  flues,  288. 
Coverings  for  steam-pipe,  96, 156, 473. 
Crab  claw,  386. 

Crank-shaft  of  steam  engines,  379. 
Cranks  and  crank-pins,  372. 

of  engines,  fitting  of,  487. 
Crosby  indicators,  498. 
Cross  head,  368. 
Crown  bars,  177,  209. 

sheet,  209. 
Crushing  strength  of  materials,  644, 

646,  648. 
Cube,  811. 

root,  rule  for  extracting,  781. 
Cubes  and  cube  roots,  tables  of,  784-798. 
Cubic  measure  {see  also  Measures),  828. 
Current,  electric,   657,  658,  660,  669, 
674. 
measurement  of,  676. 
unit  of,  664. 
Curvilinear  seams  of  boilers,  209. 
Cushion,  508. 
Cut-ofl;  387,  518. 

adjustable,  384. 

automatic,  331,  346,  349,  384. 

independent,  385. 

positive,  384. 

riding,  384. 

variable,  331. 

valves,  383. 
Cut-outs,  electric,  730. 
Cycloid  gears,  50. 
Cylinder,  811,  813. 

-heads  of  steam  engines,  317. 

lubricator,  73. 
Cylinders,  steam  engine,  317,  359. 

Daniell  battery,  685. 

Dashers,  209. 

Dash-pots,  386. 

Dead  center  of  engines,  486. 

plate  of  boilers,  209. 
Dead-weight  safety  valve,  218. 
Decimal  equivalents  of  common  frac- 
tions of  an  inch,  780. 
Deflector  of  boilers,  209. 
Delta  metal,  633. 

Diagrams,  indicator  {see  Indicator). 
Diaphragm  plate  of  boilers,  209. 
Dimmers  for  electric  lights,  735. 
Direct  connected  ew^vvife  ^xA  ^\iaaBBkSi^ 

449. 
Displaceiaftiit,  y^\.oi^,  ^jW^- 
Dome,  steam,  \^,  V^,  '^^^ 
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Draught  of  chimneys,  302. 
Dry-measure,  828. 
Dry-pipe  of  boilers,  165,  209. 
Ductility  of  metals,  613. 
Duty  of  engines,  508. 
Dynamometers,  80. 
Dynamo  regulation,  699. 
Dynamos,  688-701. 

bip(^ar,  694. 

compound,  695. 

direct  connected,  448. 

multipolar,  694. 

operated  in  parallel,  706. 

series,  695. 

shunt,  '695. 

Eccentric,  steam  engine,  318,  377. 
Eccentricity,  318,  378. 
Econometer,  240. 
Economizers,  279. 

Economy  of  steam  engines,  relative, 
333,  338,  344,  347,   354,   357, 
562. 
theoretical,  562. 
Edison-Lalande  cell,  685. 
Edison  meter,  681. 
3-wire  system  of  electrical  distribu- 
tion, 713. 
Efficiency  of  compressed  air  motors,  64. 
of  dynamos,  68. 
of  electric  motors,  68. 
of  electric  power  transmission,  68. 
of   injectors  and   pumps,   relative, 

272. 
of  pneumatic   power  transmission, 
64. 
Ejector,  271. 

Electric  accumulators,  750. 
arc  lamps,  735-738. 
batteries,  682-688. 
bells,  758-762. 

cables,  lead-encased,  tables,  727. 
circuit  breakers,  705. 
conductivity,  665. 

conductors,  calculation  of  sizes,  714- 
719. 
insulation  of,  720. 
materials  used  {see  also  Conduc- 
tors), 719. 
nsrrent  (see  Current). 
heating  effects,  669. 
nt-onts,  730. 

Jistribntion  of  energy,  7in  '7*,\r>. 
"*^ralfel  system,  711. 
"atem,  710. 
tern,  713. 


Electric   distribution,   sizes   of  cm* 
dvctors,  714-719. 

dynamos,  688-701. 

fuses,  729. 

generators,  682-701. 

ground  detectors,  704. 

heating,  657,  669,  670. 

igniters  for  gas  engines,  596,  && 
605. 

incandescent  lamps,  738-741. 

induction  coil,  768. 

insulating  joints,  734. 

lighting,  736-745. 

meters,  681. 

motor  generators,  749. 

motors,  745-750. 
protective  devices  for,  748. 

pressures  used  in  practice,  672. 

pumps,  247. 

receptacles,  733. 

resistance  {see  Resistance),  662. 

signals,  765. 

sockets,  733. 

storage-batteries,  750-757. 

switches,  730-733. 

telephones,  765-773. 

transformer,  662. 

units,  663. 

wires,  insulated,   tables  of  weigh 
and  diameters,  725,  726. 
safe    current-carrying    capacit; 

724,  727. 
weights,  diameters,  and  resistau( 
of,  722,  723. 

wiring,  727. 
Electrical  experiments,  fundament;! 
657-662. 

measurement,  676-682. 

method  of  power  measurement.  7 

transmission  of  power,  65-68. 
p]lectrolysis,  670. 
Electro-magnet,  661. 
Electro-metallurgy,  670. 
Electro-motive  force,  663,  664.  671. 
Electro-plating,  671. 
Elements,  the  six  mechanical,  1. 

table  of  chemical,  612. 
Energy,  conservation  of,  14. 

definition  of,  12. 

forms  of.  14. 

sources  of,  14. 
Engines,  gas  and  gasoline.  .^96-611. 

s\,v\ww\  Vs«p^^^^"*.'w^-^\\?>iue),  314. 
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steam-engiuc,  387. 

n  by  heat,  91. 

S16. 

11  in  cylinder,  387. 

IS,  boiler,  207. 

of  safety,  188,  651. 
it  thermometer -scale,  87. 
odies,  motion  of,  7, 8. 
blowers,  30,  31. 
ips  {see  Pumps), 
er,    advantages   of  heating, 

IS,  27^-279. 

vantages  of  each  type,  279. 

3ed  type,  275. 

in  type,  277. 

ppes%  278. 

ive  advantages  of  pnm^is  and 

ectors  for  supplying,  272. 

erature  when  delivered  by 

iigector,  263. 

kgnetic,  659,  694. 

n,  electric,  761. 
boilers,  199. 
natic,  293. 

lical  terms  applied  to,  208-211. 
boiler,  216-243. 
►. 

3  mle  for  direction   of   in- 
led  electrical  currents,  660. 
points  of,  on  indicator  card, 
I,  516. 

ir  and  other  gases,  62,  63, 123. 
m,  153. 
;r,  139. 
boilers,  210. 
Is  for  engines,  381. 
of  boilers,  206. 
finition  of,  3. 
motive,  663,  664,  671. 
iic  lines  of,  659. 
I  between  mass,  acceleration, 
1,  10.  ^ 

,4. 

ranght,  210. 
iirallelograni  of,  17. 
ntation  by  lines  or  graphi- 

ly,  16. 

[it  of  two  or  more,  17,  18. 

,3. 

,  use  of,  799-803. 

ons  of  engines,  467. 

780. 
latches,  52,  53,  54. 


Friction  diagrams  (see  Indicator). 
Fuels,  102-111. 

constituents  of,  102. 

liquid  and  gaseous,  109-111. 

relative  values  of,  108,  109,  110. 

solid  other  than  coal,  109. 
Fulcrum,  19.  * 
Furnaces  of  boilers,  287. 
Fuses,  electric  safety,  729. 
Fusibility  of  metals,  613. 

Galvanometer,  658. 
Gas  and  gasoline  engines,  596-611. 
Gas-engines,  management  of,  602. 
Gas-pipe,  sizes  and  weight  of,  629. 
Gaseous  fuels,  110,  111.    • 
Gases,  112. 

flow  of,  62.  63,  123. 

specific  gravity  and  weight  of,  114. 
G^uge  cocks,  224. 
Gauges,  225-231. 

barometer,  230. 

Orosby  vacuum',  228.  > 

mercurial,  230. 

recording  pressure,  228. 

siphon,  229. 

sources  of  error  in,  230. 

vacuum,  228. 

wire,  721. 
Gearing,  49,  50,  51. 
Generators,  electric  {see  Dynamos  and 

Batteries). 
German  silver,  632. 
Gibs,  keys,  and  straps,  371. 
Girder  frame  of  engines,  436. 
Governors  for  gas  engines,  599. 

for  steam  engines,  409-423. 
Grates  for  boilers,  290. 
Grate  surface  of  boilers,  182,  183. 
Gravity,  specific,  614. 
Green,  economizer,  279. 

engine,  433. 
Gridiron  valves,  386. 
Ground  detectors,  704. 
Gun  metal,  632. 
Gusset  stays,  210. 

Hancock  inspirator,  270. 
Harris-Corliss  engine,  426. 
Head  of  water,  139,  140,  142. 
Heat,  conduction  of,  85,  94. 

definition  of,  85. 

latent,  96,  97. 

of  coiwV>\\aWv>\\,'V^. 
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Heat  speoii&c,  86. 
trsnciferenee,  of  metiiodSi  98.- 
unit  of,  86. 
Heoten,  feed-water  (m0  Feed-water 

Heaters). 
Heating  due  to  eleetrlp  earrenta,  657, 
669,670. 
sorfiuse  of  bolters,  188, 184, 186. 
Heptf^fon,  81<y.  ' 

Hexagon,  810. 
Hill  dntch,  53,  54. 

>  Horse-power,  actual  or  net,  980,  510, 
534. 
brake,  320,  510,  634. 
definition  of,  15. 

indicated,  320,  324,  328, 510,  688. 
nominal,  380. 

of  boilers  («ee  Centennial  Bating), 
of  steam  engines,  calonlation  of,  by 
indicators,  588. 
rules  for  calculating,  381. 
tables  for  different  speeds  and 
pressures,  384j  326. 
Horse,  wor):  done  by,  87. 
Housings  (Me  Bed  Plates). 
Hydrogen,  115, 116. 

in  fdel,  103. 
Hydrometer;  615. 
Hyperbola,  509. 

I-BEAMS,  653,  654. 
Ice,  weight  of  cubic  foot,  136. 
Igniters  for  gas  engines,  598,  602,  605. 
Illuminating-gas,  111. 
Incandescent  lamps,  738-741. 
life  and  efficiency  of,  740. 
Inclined  plane,  20; 

motion  of  bodies  down,  9. 
Incrustation  and  scale  {see  Corrosion 

of  Boilers). 
Indicated    horse-power    (see    Horse- 
power). 
Indicator,  495-568. 
cards  or  diagrams,  515. 
Crosbv,  498. 
diagrams,  analysis  of,  515-537. 

examples  of,  537-561. 
function  of,  504. 
method  of  power  measurement,  77. 

of  using,  512. 
Richard's,  505. 
steam  engine,  495-566. 
Tabor,  502. 

technical  terms  used  in  connecUoiv, 
507-512. 
"^^omson,  500. 


Indoetion.ooil,  eleeliie^  7W. 

earrmtB  of  eleetfielty,  666^  < 
IiierUa»  4.   . 
Initial  pimmutf  510. 
Injeetor,  850-87S. 
aefjon  oI^SSOl 
emideiiMni  500.  * 
Ikilun  «i;  888. 
Korting,  806. 
mazimam  tempemtan  of' 

liTesed  by,  86S. 
metbod  of  BtartiiiA  8S7, 8B0L 
flbnitor,  86a 
Scbotte,je66. 
Seller's  1876  lifting,  854. 
1885  fixed  noale,864. 
1887  self-acting,  868. 
non-a4]nstable,  858. 
setting  up  of,  870. 
'  steam  pressuie  required  for,  288. 
table  of  eapaei^  of,  863L 
of  maximum  and  minimm  & 
livery,  868. 
«t.  pump,  872. 
Insulating  joints,  784. 
Insulation  of  electaio  wires,  780i 
Insulators,  667,  668. 
Interoooler,  56. 
luTolute  gears,  50. 
Involution,  781,  806. 
Irregular  figure,  rule  for  finding  ir 
of,  813. 
solid,  rule  for  finding  volume  < 
814. 
Iron,  621-629. 
balls,  weights  of,  626. 
bars,  627,  628. 
chains  (see  Chains),  650. 
expansion  of,  due  to  beat,  623. 
plates,  weights  of,  624,  626,  62a 
pipe  for  steam,  gas,  and  water,  Ul 

of,  629. 
pipe,  cast,  weights  of,  624. 
round  bars,  weights  of,  627. 
sheets,  Ipible  of  weights  of,  630. 
square  bars,  weights  of,  628. 
strength  of  cast,  644. 

of  wrought,  646. 
variation  of  strength  due  to  bet 

iug,  624. 
wire  {see  Wire), 
wire,  electrical  tables,  724. 
Isothermal,  509. 
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veted,  188. 
jearings,  379-381. 

1. 

mergy,  13, 14. 

10. 

nautical  mile,  830. 

ii\jector,  266. 

jc,  735-738. 

escent,  738-741. 

slide  valve,  388.  395. 

f  amount  needed  for  various 

t-offs,  397. 

eat,  96,  97. 

>ower  required  for,  28-30. 

motion,  Newton's,  5. 

r. 

id  cables  for  electric  work, 

r. 

able  of  weights  for  a  given 

ad  of  water,  638. 

\  of  sizes  and  weights,  638. 

slide  valve,  388. 

belts,  33-37. 

6  battery,  684. 

.fety  valve,  218-222. 

9. 

)r  calculation,  20 

alves,  216,  403. 

r  ejectors,  271. 

jectors  [see  Injectors). 

spansion  of  solids,  91. 

force,  659-661. 

)  represent  forces,  16. 

tion,  404,  418. 

lels,  109,  110. 

;97. 

:e,  828,  829. 

boiling  points  of,  92. 

ents  of  cubical  expansion  of, 

f  of,  96. 

safety  valves,  218. 
ive  boilers,  177-180. 
,  a51,  352. 
e  force  of,  352. 

ms,  method  of  using,  803-807. 
of,  808,  809. 
linal  seams,  210. 
iiead  of  water  in   pipes,  142, 
3. 

5su re  cylinders  (j?ee  Compound 
igine). 

ts,  requirements  of,  71. 
71,  72. 


Lubrication,  68-76. 
Lubricators,  72,  73. 

Machineby,  power  required  by,  28- 

31. 
Machines,  elements  of,  1. 

purpose  of,  1. 
Magnets,  electro,  661. 
Magnetic  field,  659,  660. 
lines  of  force,  699,  661. 
Malleability  of  metals,  613. 
Man  power  required  for  various  cases, 

25,26. 
Marine  boilers,  172-177. 
engines,  349-351. 
reversing  gear  for,  385,  403-407. 
Martin's  upright  tubular  boiler,  175. 
Masonry,  620. 
Mass,  definition  of,  10. 
relation  between  force,  acceleration, 

and,  10. 
relation  of  weight  to,  10. 
Materials  and  their  properties,  611-643. 
boiler,  192-197. 
strength  of,  644-656. 
Mean  effective  pressure  obtained  from 
the  indicator  card,  526. 
of  steam  engines,  327,  328. 
Measurement  of  heights  by  barometer, 
121. 
by  thermometer,  134.   • 
Measures,  tables  of,  827-830. 

weights  and,  827-830. 
Mechanical  elements,  1, 19. 
equivalent  of  heat,  93. 
firing  of  boilers,  293-300. 
Mechanics,  definition  of,  2. 
Melting  points  of  solids,  92. 
Mensuration  of  areas  and  volumes, 

810-814. 
Mercurial  gauge,  230. 
Metals,  613,  615,  621,  647. 
principal  properties  of,  613. 
strength  of,  647. 
Metal-working  machinery,  power  re- 
quired for,  28-30. 
Meters,  electric,  681. 
Methods  of  transmitting  power,  31. 
Metric  system  of  measures,  829. 
Meyer's  valve  gear,  407. 
Mil,  circular,  721. 
Milling  machines,  power  required  for, 

29. 
Moist nxe  \T\  9>\e?CHv ,  \^n . 
Mo\ecvi\es  a.\\^  iv\o\««,\3\'a?c  ^ysw^w^<*KKs«v 
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Moment,  18. 

Momentum,  definition  of,  11. 

Moore  &  White  clutch,  52. 

Morrison  suspension   boiler  furnace, 

288. 
Motion,  2,  4. 

down  inclined  plane,  9. 

Newton's  laws  of,  5. 

of  falling  bodies,  7. 

perpetual,  6. 
Motors,  air,  64. 

electric  [see  Electric  Motors),  745- 
750. 
Mud-drum,  168. 

Multiplication  by  logarithms,  806. 
Multipolar  dynamos,  694. 
Muntz  metal,  632. 

Nails,  table  of  size  and  weights,  643. 
Net  horse-power,  320, 510, 534. 
Newton's  laws  of  motion,  5., 
Nitrogen,  115. 

Non-condensing  engine,  336. 
Non-conducting  covering  for  steam- 
pi  pes,  95,  156. 
Non-conductors,  667. 
Nuts  and  bolts,  639-641. 

Octagon,  810. 

Ohm's  law  and  its  applications,  672- 

674. 
Oil  filters,  74,  75. 

separators,  76. 

used  as  a  fuel,  110,  300. 
Oiling  devices,  automatic  systems,  75, 

76. 
Oils  and  lubrication,  68-76. 
Ordiiiates,  509,  527. 
Otto  cycle,  597. 

gas  engine,  599-601. 
Over-compounded  dynamos,  697. 
Over-travel  of  a  valve,  388. 
Oxygen,  103,  114. 

Packing  for  steam  engines,  476. 

rings  for  engines,  ,'564,  36,5. 
Parallel  forees,  resultant  of,  17. 

system    of    electrical    distribution, 
711. 
Parallelogram,  810,  813. 

of  forces,  17. 
Pentagon,  810. 
Perfect  gases,  112, 114. 
Perpetual  motion,  6. 
***^oock,  air  pump,  589. 


Pipe,  cast-iron,  624,  625. 
coverings,  materials  for,  95, 1S6. 
diagram,  510. 
lead,  638. 

wrought-iron,  629. 
Pipes,  flow  of  air  in,  62,  63. 
of  steam  in,  153-155. 
of  water  in,  142,  148. 
steam,  size  and  weight  of,  629. 
sizes  of,  for  steam  engines,  15& 
Piping  of  engines,  95,  156,  157, 172. 
Piston  and  piston-rod  of  st^  e 
gine,  364-368. 
valves,  ^99. 
Pitch  of  gears,  50. 
Plane,  inclined,  20. 
Planimeter  and  its  nse,  566-568. 
Plates,  boiler,  196, 197,  624,  628,631. 
brass,  630,  636. 
copper,  630,  631,  636. 
iron,  624,  626,  628. 
Pneumatic    transmission    of  pow( 

55-65. 
Polygons,  810,  812. 
Porter-Allen  engine,  440-445. 
Ports,  steam,  318. 
Potential  energy,  13,  14. 
Power,  animal,  25-27. 
definition  of,  15. 
horse-  (see  also  Horse-power),  15. 
measurement,  77-80. 
of  locomotives,  352. 
of  steam    engines,   calculation 
320-323. 
method  of  incre-asing,  485. 
tables  of,  324-326. 
of  waterfalls,  143. 
of  windstorms,  125. 
required  for  electric  fans,  31. 
for  raising  water,  145. 
for  Sturtevant  blowers,  30. 
for  various  purposes,  25-31. 
rule  for  calculating,  16. 
sources  of,  25. 

transmission,  by  gearing,  49,50, 1 
by  ropes,  45-49. 
electrical,  65-68. 
methods  of,  31. 
pneumatic,  55-65. 
Powers  of   nnmbers,    method  of  < 
taining,  781,  806. 
•tables  of,  784-798. 
Pressure,  electric,  660,  663,  664. 
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Priming  of  boilers,  206. 

Prism,  811,  813. 

Producer  gas,  597. 

Prony  brake,  78,  79,  80. 

Proportion,  779. 

Pulley,  as  a  mechanical  element,  22. 

rule  for  calculating  gain  in  force, 
22,  23. 
Pulleys,  rule  for  calculating  sizes  of,  45. 
Pumping  water,  power  required   for, 

145. 
Pumps,  243-250,  582,  589. 

air,  582-589. 

boiler-feed,  246. 

capacity  of,  245. 

circulating,  570. 

classification  of,  247. 

direct-acting,  247. 

duplex,  248. 

electric,  247. 

fly-wheel,  247. 

for  condensers,  570,  582. 

for  hot  water,  249. 

lift  of,  245. 

power,  247. 

power  required  by,  245. 

vs.  injectors,  272. 

Worthington,  248. 
Purifying  feed-water,  273. 
Pyramid,  811,  813,  814. 
Pyrometers,  90,  91. 

Quadrilateral,  810,  812. 
Quadruple  expansion  engines,  331, 345. 

Hadial  stay  locomotive  boilers,  177. 

Radiating  powers  of  substances,  94. 

Radiation  of  heat,  94. 

Radius  of  the  link,  406. 

Ratio,  779. 

R^umur  thermometer  scale,  87. 

Receivers,  compressed  air,  60. 

electric  telephone,  766. 

of  compound  engines,  344. 
Reciprocating  parts  of  steam  engines, 

334. 
Recording  thermometers,  89,  90. 
Rectangle,  810,  813. 
Release,  509,  519. 
Releasing  valve  gear,  384. 
Relief- valves,  385. 
Reservoirs  for  compressed  air,  60. 
Resistance,   change  with    change  of 
temperature,  608. 

electric,  66%  664,  665-668. 
Jaws  of,  665. 


Besistonce,  speeific,  666. 

unit  of,  664. 
Resistances  in  multiple,  665. 
Beversing-gear  for   marine   enginefl) 
.  385,  406. 

valve-gean,  385,  406. 
Richard's  indicator,  505. 
Riding  cut-off,  407. 
Riveted  joints  of  boilers,  186. 
Rivets,  belt,  sises,  weight,  etc.,  687. 
Roman  notation,  778. 
Roots,  extraction  of,  781-788,  807. 

of  numbers,  method  of  o4rt»ining, 
781,  807. 
tables  of,  784-798. 
Rope-rdriving,  45-49. 
Ropes,  iron-hoisting,  sizes  and  weight, 
649,  650. 

sag  of,  49. 

table  of  power  transmitted  by,  49. 

tables  of  strength,  weig^ht,  ete,  47, 48. 
Rotary  valves,  ^86. 
Rubber  belting,  33. 
Rule  of  three,  779. 
Russell  4-valve  engine,  450. 
Rust,  «22. 

Safe  cuTrent-caTrying  eapadty«f  eofp- 
per  wires,  724. 
of  lead  cables,  727. 

load  on  beams,  652-654. 

working  pressure  in  boilers,  187-189. 
Safety,  factors  of,  188,  651. 

valves,  216-223. 
Salinometer,  232-238. 
Saturation,  234. 
Sawdust  as  ftiel,  109. 
Scale  in  boilers,  202-205. 
Scum  cocks,  210. 
Screw,  as  a  mechanical  element,  23, 24. 

rule  for  calculating  gain  of  force  by, 
23,24. 

threads.  Sellers',  639. 
Screws,  642. 
Seams,  curvilinear,  209. 

longitudinal,  210. 
Sectors  and  segments  of  circles,  811, 

813. 
Sellers'  injectors,  254-266. 

standard  screw  threads,  639. 
Semi-rotary  valves,  386. 
Separators,  281-284. 
Series  dynamos,  695. 


Shuftin^,  calculatioa  of  Kizen,  32, 
Slieet  brass,  ChIO,  636. 

copper,  SSO.  636. 
Shrinkage  uf  otstingB,  615. 
ghnnt  dynBmas,  095. 
Signs  used  in  calculatioDs,  777. 
Siphon-mugti,  S20. 
Slide  valves,  3tf7-390,  3»8,399. 


nof,3 
SmokQ-Htsck   (in 

Solder,  633. ' 

SpanDOT-guard,  SIO. 
BpeciSc  gravitf ,  614. 


Stitcka  und    Chim- 


ifipoDtaaeouB  combuatian,  100-IOS. 

t,  781,  807. 

d  uubes,  tables  of,  784-798. 
Stacks,  biiuk,  307. 
fur  boilerE,  303-309. 
iron,  308. 

proportluning  of.  301. 
tablet  of  sizes  for  varionB  H.P.'a  of 
boiler,  307. 
Starting-valve  gear.  386. 
Statical  momeut,  18. 
Stays  and  Btay-bolta  of  boilers,  191. 
SEaj-tnbes,  211. 

boilera  {aie  GoilorsJ. 
dome,  aOB. 

dry  {let  alao  Separators),  147. 
engine,  314^89. 
nilvanCages  of  high  Ep««d,  332-336, 
Aruiington  ASinia,  443. 
bed  plates,  358. 
brake  horsB- power  of.  320. 
Buekeye,  43(1. 

care  and  management  of,  466-489. 
cJassiSoktiou  of.  331. 
compound,  339-340,  453. 
condensing  and  nua-conienftvuK, 
336,  347, 


Steam  engine.  Corliss,  434-43S. 
cut-olfa,  340,  384. 
cylindere,  3.'a-362, 
economy  o^  354,  367,  562. 
economy,    relative,    of   diS 
types,  333.  338.  344,  347. 
eilidenc;  uf,  354,  357,  5413. 
fitting  uiauks  of^  487. 
foondatiouB,  467. 
function  of  various  parts  at 
girder  frame.  436. 
governors,  409-423. 
Greene,  433. 

higb-  and  low-speed,  332. 
higli-apeed,  335.  336,  43.>^K 
increasing  power  of,  485. 
indicated  hutse- power  of,  7S> 
tables  of,  at  diflbrent  ] 
speeds,  329,  330. 
indicator  (see  alto  ludicatorf 

568. 
invention  of,  315. 
jnoruals  and  bearinge,  379, 
knocking  in,  478-182. 
lining  up,  470. 
iocatioD  of,  466. 
locomotive,  351, 
losses  in,  356. 


Mold  Effective  Preasure) 

parts,'  317,  358-383. 
piping  for.  95,  156,  157,  472. 
pistons  and  piston-rods,  364- 
pistiin -speed,  tables  of,   for  i 

ent  strokes  and  revolutioBi 
Porter  Allen,  440-445. 
reciprocating  parta  of,  334. 
reciprocating  and  rotary,  ^Si 
repair  of,  482. 
Bussell  4- valve,  450. 

tttng  valve 


mple  a 


lultiple 


I  par 


\tt  MiAraa  ^yHk  <ft,^KV 
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igine,  Westinghouse,  463. 
ans,  453. 

om  an  orifice,  153. 
ipes,  153-155. 
ind  low-pressure,  148. 
,  363. 

heat  of,  147. 
'  indicator  card,  525. 
3r  waste  in  the  use  of,  354. 
ire  in,  147. 

>vering,  saving  by  using,  156. 
equivalent  sizes  of,  155. 
i  for  a  given  horse-power  en- 
ae,  156. 

for  engines,  95,  153-157,  472. 
ted,  146. 
tors,  281-283. 
eatcd,  146. 

>f  properties  of,  149-152. 
eat  of,  148. 
•284. 

e  of,  compared  to  water,  148. 
2. 

ler  plates,  192-197. 
tage  of  carbon  in,  622. 
th  of,  646,  647. 
automatic,  293-298. 
)atteries,  682,  750-757. 
71. 

line  engine,  445. 
of  materials,  644-654. 
'  indicator  diagram,  511. 
condensers,  569,  571,  577-582. 
>ards,  electric,  702,  756. 
,  electric,  730-733.     * 

adicator,  502. 

able  of  sizes    and    weights, 

3. 

c  as  fuel,  109. 

apacity  of,  137,  138. 

i\  terms  in   connection  with 

boilers,  208-211,  473.     • 

gines,  317-320,  473,  474. 

ing,  211. 

iicator,  507-512. 

Ives,  383-390. 

ear  teeth  forms.  50. 

le,  765-773. 

s,  770. 

ture,  definition  of,  86. 

on  strength  of  iron  and  cop- 

r,  624.  631. 

.  by  coJar,  91. 

S7. 

of  metals,  613. 


Tensile  strength  of  copper  wire,  723. 
of  iron,  624,  646,  647. 
of  metals,  647. 
of  woods,  648. 
Terminal  pressure,  510. 
Theoretical  economy  of  steam  engines, 
562. 

indicator  diagram,  522. 
Thermal  unit,  86. 
TheriAometers,  86-90. 

recording,  89,  90. 
Thomson  indicator,  500. 

recording  Wattmeter,  681. 
Three-wire  system  of  electric  distri* 

bution,  713. 
Throttle-valve,  385. 
Throttling  and  automatic  cut-off  en- 
gines, 346-349. 
Throw  of  eccentrics,  318,  378. 
Timber,  strength  of,  648. 
Time  systems,  watchmen's,  762. 
Total  heat,  97. 

Tractive  force  of  locomotives,  352. 
Transference  of  heat,  93. 
Transformer,  662. 

Transmitter,  electric  telephone,  767. 
Transmission  of  power  {see  Power). 
Trapezoid,  810,  812. 
Traps,  steam,  284. 
Travel,  388. 
Triangle,  810,  812. 
Triple-expansion  engine,  345. 
Troy  weight,  828. 
Tubes,  boiler,  197. 

brass  and  copper,  635. 
Tube-sheets,  211. 
Tubular  boilers  {see  Boilers). 

Unit  of  force,  4. 

of  heat,  86. 
•    of  work,  12. 
Units,  electric,  663. 

Vacuum  of  condensers,  574. 

gauges,  228. 
Valve  circle,  391. 
expansion,  385. 
-gears  {see  aUo  Cut-off),  384. 
Meyer's,  407. 
releasing,  384.- 
reversing,  385. 
the  link  motion,  404,  418. 
variable  cut-off  and  reversin^g,^  40^ 

1      Aahtow,  '2V6. 
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Valves,  balanced,  399. 

different  varieties  of,  385,  386,  398. 

double-beat,  385. 

for  marine' engines,  351,  400. 

friction  of,  398,  401. 

grid-iron,  386". 

how  to  set,  393. 

lap  and  lestd  of,  388. 

piston,  351,  399,  400. 

plain  slide,  387. 

poppet,  402. 

relief,  386. 

rotary,  386. 

safety,  216. 

rules  for  calculation  of,  220,  223. 

semi-rotary,  386. 

separate,  for  admission  and  exhaust, 
408. 

setting  of,  393. 

sn  if  ting,  572. 

spring-pop  safety,  218. 

starting,  386. 

throttle,  385. 
Vapor,  table  of  pressure  and  temxicTa- 

ture  of,  127-130. 
Vapors,  125-130. 
Velocity,  7. 
Volt,  the,  664. 
Volume  of  solids,  813,  814. 

of  steam,  148,  149-151. 

Washers,  table  of  sizes  and  weights, 

641. 
Watchmen's  time  systems,  762. 
Water,  boiling  point  of,  133,  134. 
buoyancy  of,  135. 
columns,  223. 
composition  and  properties  of,  131, 

134. 
consumption  of,  in  engines,  357. 
decomposition  of,  134. 
expansion  after  freezing,  132,  133. 
flow  of,  139-143. 
power,  calculation  of,  in  falls,  143, 

144. 
space  ill  boilers,  206,  211. 
specifie  jrravitv  of,  131. 

heat  of,  134.' 
table    of    cupaeitv    of    tanks,    137, 
13H. 
givinj<  (|iiaMtity  per  lineal  foot  of 

pipes,  136. 
of  power  needed  to  raise  to  vari- 
oos  heights,  145. 


Water,  table  of  pressure  and  tempa>' 
ature  of  its  vapor  in  atmosphere, 
127,  130. 

weight  of,  at  different  temperature^ 
135. 
Wedge,  the,  21,  22. 
Weights  and  measures,  tables  of,  827- 
830. 

atomic,  table  of,  612. 

of  gases,  114. 

of  substances  per  cubic  foot,  617-619. 
Westinghouse  engine,  463. 
Wheel  and  axle,  the,  20. 
Wheeler  surface  condenser,  580. 
White  metal,  632. 
Wilkinson  automatic  stoker,  29i 
Willans  engine,  453. 
Wind-mills,  125. 

-pressure  corresponding  to  YiriooB 
velocities,  124. 

-storms,  power  of,  125. 
Wire,  calculation  of  sizes  for  electric 
distribution.  714-719. 

copper,  sizes,  weights,  and  resist- 
ance, 722-724. 

•drawing,  512. 

electric,  tables  of  weights  and  diuM* 
ters,  725,  726. 

galvanized  iron,  650. 

gauges,  721. 

insulated,  720,  725.  726. 

iron,  electrical  tables,  724. 

properties  of  copper,  722. 

rope,  649,  650. 

safe    current-carrying   capacity  ot 
724,727. 

sizes  and  weight  of  iron,  649. 

strength  of,  649,  650,  723,  724. 
Wiring,  electric,  727. 
Wooden  beams,  651. 
Wood,  strength  of,  648. 

values  of  various  kinds  for  fuel,  106. 
•109. 

weights  of  various  kinds,  617-619. 
Work,  definition  of,  12. 

done,  rule  for  obtaining,  16. 

of  men  and  animals,  2&-27. 

unit  of,  12. 
Wrist-plate,  386. 
Wrought-iron  {see  Iron). 

Zero,  absolute,  87. 
i     of  indicator  diagram,  512. 
VTjRMTi^V^  diagram  for  slide  valves,  391 


